AD-A238  093 


The  Installation  Restoration 
Program  Toxicology  Guide 

Volume  5 


Harry  G.  Armstrong  Aerospace  Medical  Research  Laboratory 

Human  Systems  Division 

Air  Force  Systems  Command 

Wright-Patterson  Air  Force  Base,  Ohio 

45433-6573 


91-04742 


THE  INSTALLATION  RESTORATION  PROGRAM  TOXICOLOGY  GUIDE 


Volume  S 


Date  Published  •  November  1990 


\  J  1  i.  ‘  . 


Prepared  and  Published 

by 


Biomedical  and  Environmental  Information  Analysis 
Health  and  Safety  Research  Division 
Oak  Ridge  National  Laboratoiy* 

Oak  Ridge,  Tennessee  37831-6050 

for 

Harry  G.  Armstrong  Aerospace  Medical  Research  Laboratory 
Human  Systems  Division 
Air  Force  Systems  Command 
Wright-Pattcrson  Air  Force  Base,  OH  45433-6573 


Under 


DOE  Interagency  Agreement  No.  1891-A076-A1 


*Managed  by  Martin  Marietta  Energy  Systems,  Inc.,  for  the  U.S.  Department  of  Energy 
under  Contract  No.  DE-AC05-840R21400. 


1 


PREFACE 

One  of  the  objectives  of  the  U.S.  Air  Force  Installation  Restoration  Program  (IRP)  is 
to  provide  individuals  responsible  for  the  management  and  implementation  of  the  IRP 
with  information  to  evaluate  the  health  hazards  associated  with  actual  or  potential 
contamination  of  drinking  water  supplies.  The  Harry  G.  Armstrong  Human  Systems 
Division  was  requested  by  HQ  USAF/SGPA  to  develop  health  and  environmental 
information  for  each  potential  contaminant  of  drinking  water  supplies  associated  with 
USAF  installations.  This  IRP  Toxicology  Guide  consists  of  four  volumes  which  were 
initially  issued  in  1985-1987.  The  original  Toxicology  Guide  was  produced  under 
contract  F33615-81-D-0508  by  Arthur  D.  Little,  Inc.  for  the  Biochemical  Toxicology 
Branch,  Toxic  Hazards  Division,  Harry  G.  Armstrong  Human  Systems  Division, 
Wright-Patterson  AFB,  OH.  The  updated  volumes  of  the  Toxicology  Guide  include 
new  regulatory  requirements  and  recently  published  toxicology  information.  The 
updated  Toxicology  Guide  was  produced  under  an  Interagency  Agreement  with  the 
U.S.  Department  of  Energy,  Oak  Ridge  National  Laboratory  (87-TH-0002)  for  the 
Hazard  Assessment  Branch,  Harry  G.  Armstrong  Human  Systems  Division,  Wright- 
Patterson  AFB,  OH. 

For  each  chemical  in  the  IRP  Toxicology  Guide,  the  environmental  fate,  exposure 
pathways,  toxicity,  sampling  and  analysis  methods  and  state  and  federal  regulatory 
status  are  outlined.  The  material  provided  is  intended  as  an  overview  of  key  topic 
areas;  no  attempt  was  made  to  provide  a  comprehensive  review.  Users  are 
encouraged  to  read  the  Introduction  to  Volume  1  of  the  IRP  Toxicology  Guide 
before  applying  chemical-specific  information. 

Candidate  chemicals  for  inclusion  in  subsequent  Toxicology  Guide  updates  should  be 
forwarded  through  MAJCOM  bioenvironmental  engineers  to  HQ  USAF/SGPA. 
Consultant  service  for  current  toxicological  information  should  be  obtained  from  the 
USAF  OEHI7ECO,  Brooks  AFB,  TX  78235-5000. 

Substantial  effort  was  made  to  assure  that  the  information  contained  in  the 
Toxicology  Guide  was  current  and  reliable  at  the  time  of  publication.  Users  are 
encouraged  to  report  apparent  discrepancies  or  errors  to  Harry  G.  Armstrong  Human 
Systems  Division/THA,  Wright-Patterson  AFB,  OH  45433-6573.  Copies  of  this 
document  are  available  from:  National  Technical  Information  Services,  5285  Port 
Royal  Road,  Springfield,  VA  22161.  Federal  Government  agencies  and  their 
contractors  registered  with  Defense  Technical  Information  Center  should  direct 
requests  for  copies  to:  Defense  Technical  Information  Center,  Cameron  Station, 
Alexandria,  VA  22314. 
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LIST  OF  ABBREVIATIONS,  ACRONYMS,  TERMS  AND  SYMBOLS 


This  list  of  abbreviations,  acronyms,  terms  and  symbols  is  selected  from  the  pages 
of  the  Guide.  Words  and  phrases  defined  here  include  those  occurring  in  more  than 
one  chapter,  those  indispensable  to  understanding  the  material  in  a  chapter  and  those 
that  may  help  clarify  some  of  the  definitions  themselves.  Not  listed  are  chemical 
synonyms  which  can  be  found  in  the  chemical  index  and  words  adequately  defined  at 
the  point  of  use. 


A 


Acre 


AA 

ACGIH 
Active  metals 


ADI 

ADL 


Atomic  absorption  spectroscopy 

American  Conference  of  Governmental  Industrial  Hygienists 

This  refers  to  metals  such  as  aluminium,  calcium,  magnesium, 
potassium,  sodium,  tin,  zinc,  and  their  alloys. 

Acceptable  daily  intake 

Arthur  D.  Little,  Inc. 


Adenocarcinoma  A  malignant  tumor  originating  in  glandular  or  ductal  epithelium. 
Adenoma  A  benign  growth  of  glandular  tissue. 


ae 

Aerosol 


AFOSH 


Acid  equivalent 

A  suspension  or  dispersion  of  small  solid  or  liquid  particles  in  air 
or  gas. 

Air  Force  Occupational  Safety  and  Health  Standard 


Alkali  metals  Metals  (in  Group  lA  of  the  Periodic  Table,)  such  as  lithium, 

sodium,  potassium,  rubidium,  cesium,  and  francium.  The  alkali 
metals  react  vigorously,  at  times  violently,  with  water.  These 
metals  present  a  dangerous  fire  risk  when  in  contact  with 
moisture  or  oxidizing  materials. 
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ABBREVIATIONS 


Alkaline 

earth 

metals 

Ambient  water 

Ambient  water 
criterion 


Amines 


API 

Aquifer 

Aromatic 


atm 

ATP 

Autoignition 

temperature 


Calcium,  barium,  strontium,  and  radium  (Group  IIA  of  Periodic 
Table).  Alkaline  earth  metals  are  less  reactive  than  sodium  and 
potassium  and  have  higher  melting  and  boiling  points. 

Surface  water 

That  concentration  of  a  pollutant  in  a  navigable  water 
that,  based  upon  available  data,  will  not  result  in  adverse  impact 
on  important  aquatic  life,  or  on  consumers  of  such  aquatic  life, 
after  exposure  of  that  aquatic  life  for  periods  of  time  exceeding  96 
hours  and  continuing  at  least  through  one  reproductive  cycle;  and 
will  not  result  in  a  significant  risk  of  adverse  health  effects  in  a 
large  human  population  based  on  available  information  such  as 
mammalian  laboratory  toxicity  data,  epidemiological  studies  of 
human  occupational  exposure  data,  or  any  other  relevant  data. 

A  class  of  organic  compounds  of  nitrogen  that  may  be  considered 
as  derived  from  ammonia  (NHj)  by  replacing  one  or  more  of  the 
hydrogen  atoms  (H)  with  straight  or  branched  hydrocarbon  (alkyl) 
groups.  All  amines  are  basic  in  nature  and  usually  combine 
readily  with  hydrochloric  or  other  strong  acids  to  form  salts. 

American  Petroleum  Institute 

An  underground,  permeable  saturated  strata  of  rock,  sand  or 
gravel  containing  ground  water. 

A  major  group  of  hydrocarbons  containing  one  or  more  rings  like 
benzene,  which  has  a  six-carbon  ring  containing  three  double 
bonds.  Most  compounds  in  this  group  are  derived  from  petroleum 
and  coal  tar  and  are  reactive  and  chemically  versatile.  The  name 
characterizes  the  strong  and  pleasant  odor  of  most  substances  of 
this  group.  NOTE:  The  term  "aromatic"  is  often  used  in  perfume 
and  fragrance  industries  to  describe  essential  oils,  which  are  not 
aromatic  in  the  chemical  sense. 

Atmosphere  (760  Torr) 

Adenosine  triphosphate,  a  nucleotide  cofactor  important  in  many 
biological  reactions  where  energy  is  transferred. 

The  minimum  tem|5erature  at  which  the  material  will  ignite 
without  a  spark  or  flame  being  present.  Along  with  the  flash 
point,  autoignition  temperature  gives  an  indication  of  relative 
flammability. 
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BCF 

Benign 

BOD 

BUN 

bw 

C 

CAA 

CAG 

Calc 

Carcinogen 
Carcinoma 
CAS  REG  NO 

cc 

CERCLA 

CFR 

CL 

cm 

Chemically 

active 

metals 


Bioconcentration  factor,  a  measure  of  the  cumulative 

build-up  of  a  specific  compound  sequentially  through  a  food  chain. 

A  term  meaning  noncancerous. 

Biochemical  oxygen  demand 

Blood  urea  nitrogen 

Body  weight 

Celsius  (Centigrade) 

Clean  Air  Act 

Cancer  Assessment  Group  of  the  U.S.  Environmental  Protection 
Agency 

A  number  calculated  by  Arthur  D.  Little,  Inc. 

Any  cancer-producing  substance. 

A  malignant  epithelial  tumor. 

Numeric  designation  assigned  by  the  American  Chemical  Society’s 
Chemical  Abstract  Service  which  uniquely  identifies  chemical 
compound. 

Cubic  centimeter(s) 

Comprehensive  Environmental  Response  Compensation  and 
Liability  Act 

Code  of  Federal  Regulations 
Ceiling  limit  value 
Centimeter(s)  (lE-02  meter) 

This  phrase  generally  refers  to  metals  such  as,  calcium, 
magnesium,  potassium,  sodium,  tin,  zinc,  and  their  alloys. 
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ABBREVIATIONS 


CNS  Central  nervous  system  which  consists  of  the  brain  and  spinal 

cord.  The  CNS  controls  mental  activity  plus  voluntary  muscular 
activity.  It  also  coordinates  the  parasympathetic  and  sympathetic 
nervous  systems,  which  command  the  body’s  involuntary  functions, 


CO 

CO, 

Cp 

CPSA 

C*t 

CWA 

d 

da 

O 

DNA 

DOT 

Drinking 

Water 

ECD 

EEC 

EEC 

EKG 

EPA 

Epithelium 


Carbon  monoxide 
Carbon  dioxide 
Centipoise 

Consumer  Product  Safety  Act 

Product  of  concentration  multiplied  by  time  of  exposure 

Clean  Water  Act 

Density 

Day(s) 

Degrees,  as  in  STC 

Deoxyribonucleic  acid 

U.S.  Department  of  Transportation 

Water  which  meets  the  specifications  of  the  water 

quality  standards  and  is  therefore  suitable  for  human  consumption 

and  for  all  usual  domestic  purposes. 

Electron  capture  detector 

European  Economic  Community 

Electroencephalogram,  it  detects  abnormalities  in  the  electrical 
waves  emanating  from  different  areas  of  the  brain. 

Electrocardiogram,  a  recording  of  the  changes  in  electrical 
potential  that  occur  during  a  cycle  of  heart  muscle  activity, 
producing  a  characteristic  series  of  waves. 

Environmental  Protection  Agency 

The  covering  of  internal  and  external  surfaces  of  the  body, 
including  the  lining  of  vessels  and  small  cavities. 
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Epoxide  An  organic  compound  containing  a  reactive  group  resulting  from 

the  union  of  an  oxygen  atom  with  other  atoms  (usually  carbon) 
that  are  joined  as  shown  below: 

O 

/\ 

-C  -  C- 

This  group,  commonly  called  "epoxy",  characterizes  the  epoxy 
resins.  Epichlorohydrin  and  ethylene  oxide  are  well-known 
epoxides. 

estim  Estimated  value 


F 

FDA 

FDCA 

HD 


Fahrenheit 

Food  and  Drug  Administration  (U.S.A.) 
Food,  Drug  and  Cosmetic  Act 
Flame  ionization  detector 


HFRA 

Finished 

Flammable 
limits 
in  air 


FR 


Federal  Insecticide,  Fungicide  and  Rodenticide  Act 

Tap  water,  i.e.,  water  that  has  undergone  drinking  water  treatment 

The  range  of  gas  or  vapor  concentrations  in  air, 
generally  expressed  in  units  percent  by  volume,  capable  of 
supporting  combustion  when  ignited.  The  lower  end  of  the  range 
is  commonly  referred  to  as  the  lower  flammable  limit  (LFL)  and 
sometimes  as  the  lower  explosive  limit  (LEL).  The  upper  end  of 
the  range  is  called  the  upper  flammable  limit  (UFL)  or  the  upper 
explosive  limit  (UEL). 

Fraction  organic  carbon  in  soil  (0  <  f„j  <  1) 

Federal  Register 


ft 


Foot 


g  Gram(s) 

Gavagc  Forced  feeding  through  a  tube  passed  into  the  stomach. 

GC  Gas  chromatography 
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ABBREVIATIONS 


GI 

Ground  water 

H 

ha 

HA 

Half-life 

Halogen 

Halogenated 

Hemangioma 

Hemangiosarcoma 

Hg 

HMTA 

HPLC 

hr 

HSDB 

Hydrocarbon 


Gastro-intestinal 

Subsurface  water  that  occurs  beneath  the  water  table  in  soils  and 
geologic  forms  that  are  fully  saturated. 

Henry’s  law  constant  (atm  •  mVmol) 

Chemical  symbol  for  the  radioactive  isotope  of  hydrogen  of  atomic 
mass  3. 

Hectare,  a  unit  of  area  equal  to  10,000  square  meters. 

EPA’s  Health  Advisory  (formerly  termed  SNARL),  an  estimate  of 
the  no  adverse  response  level  for  short  and  long-term  exposures 
to  a  chemical  via  drinking  water. 

Time  required  for  removal  or  degradation  of  one-half  of  the 
original  quantity. 

One  of  the  electronegative  elements  of  Group  VILA  of  the 
Periodic  Table:  fluorine,  chlorine,  bromine,  iodine,  and  astatine. 
Fluorine  is  the  most  active  of  all  chemical  elements. 

Containing  one  or  more  atoms  of  halogens. 

A  tumor  composed  of  blood  vessels. 

A  malignant  tumor  composed  of  endothelial  cells  which  line  the 
heart  and  vessels  of  the  circulatory  system. 

Mercury 

Hazardous  Materials  Transportation  Act 
High-pressure  liquid  chromatography 
Hour(s) 

Hazardous  Substances  Data  Bank 

An  organic  compound  (as  acetylene  or  benzene)  consisting 
exclusively  of  the  elements  carbon  and  hydrogen  and  often 
occurring  in  petroleum,  natural  gas,  coal,  and  bitumens. 
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Hydrolysis 


lARC 

IDLH 


im 

in 

intradermal 
in  vitro 

in  vivo 

ip 

IR 

IRP 

lU 

iv 

K.  (or  K,) 
kg 

Koc 

L 

lb 

LC50 

LQo 


The  addition  of  the  hydrogen  and  hydroxyl  ions  of  water  to  a 
molecule,  with  its  consequent  splitting  into  2  or  more  simpler 
molecules. 

International  Agency  for  Research  on  Cancer 

Immediately  dangerous  to  life  or  health  concentration;  represents 
the  maximum  level  from  which  one  could  escape  within  30 
minutes  without  any  escape-impairing  symptoms  or  any  irreversible 
health  effects. 

Intramuscular 

Inch 

Situated  or  applied  within  the  skin 

Describes  biological  experiments  in  laboratory  apparatus  rather 
than  in  a  living  organism. 

Describes  process  that  occurs  within  a  living  organism. 

Intraperitoneal 

Infrared  SF>ectroscopy 

Installation  Restoration  Program 

International  units 

Intravenous 

Soil  sorption  coefficient 
kilogram(s)  (lE-»-03  grams) 

Soil  absorption  coefficient  normalized  to  represent  amount  sorbed 
per  unit  weight  of  organic  carbon  in  soil. 

Liter(s) 

Pound(s) 

The  concentration  required  to  kill  50%  of  test  individuals. 

Lowest  reported  lethal  concentration. 
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LC*tj« 

Product  of  the  concentration  times  time  which  causes  lethality  in 
50%  of  the  exposed  population. 

LD50 

The  dose  required  to  kill  50%  of  test  individuals. 

LD^ 

Lowest  reported  lethal  dose. 

Lesion 

An  abnormal  change  in  an  organ  because  of  injury  or  disease. 

logK^ 

Log  of  the  octanol-water  partition  coefficient. 

Lower 

flammable 

limit 

The  lowest  concentration  of  the  material  in  air  which 
will  support  combustion. 

m 

Meter 

m^ 

Cubic  meter(s) 

MAC 

Maximum  allowable  concentration 

Malignant 

Pertaining  to  the  growth  and  proliferation  of  certain  tumors  which 
terminate  in  death  if  not  checked  by  treatment. 

MCL 

Maximum  contaminant  level 

MDL 

Minimum  detection  limit(s) 

mEq 

Milliequivalent  (1/1000  of  an  equivalent) 

mg 

Milligram(s)  (lOE-3  gram) 

mg% 

The  concentration  of  a  solution  expressed  in  milligrams  per  100 
mL. 

min 

Minute(s) 

Mineral  acids 
(non-oxiding) 

Examples  include  boric,  disulfuric,  fluosilicic, 
hydriodic,  hydrobromic,  hydrochloric,  hydrocyanic,  hyfluoric, 
permonosulfuric,  phosphoric,  and  selenous  acids  as  well  as 
chlorosulfonic  acid  and  various  fluorophosphoric  acids. 

Mineral  acids 
(oxidizing) 

Examples  include  bromic,  chloric,  chromic,  acids 
hypochlorous,  nitric,  nitrohydrochloric,  perbromic,  perchloric, 
perchlorous,  periodic,  and  sulfuric  acids  as  well  as  oleum. 
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mL 

MLD 

mm 

mM 

mol 

MPRSA 

MS 

Mutagen 

MW 

n 

N 

NA 

Narcosis 

NCI 

ND 

NEPA 

NFPA 

NIOSH 

NIOSH  No. 

NIPDWR 

Nitride 


Milliliter  (lE-03  liter) 

Minimum  lethal  dose 
Millimeter(s)  (lE-03  meter) 

Millimoles 
Gram  mole 

Marine  Protection  Research  and  Sanctuaries  Act 
Mass  spectrometry 

A  material  that  induces  genetic  damage. 

Molecular  weight 

Normal  (isomer),  as  in  n-butyl. 

Normal  (equivalents  per  liter,  as  applied  to  concentration); 
nitrogen  (as  in  N-methylpyridine). 

Not  applicable 

A  state  of  stupor,  unconsciousness  or  arrested  activity. 

National  Cancer  Institute 
No  data 

National  Environmental  Policy  Act 

National  Fire  Protection  Association 

The  National  Institute  for  Occupational  Safety  and  Health 

A  unique,  nine-p>osition  accession  number  assigned  to  each 
substance  listed  in  the  Registry  of  Toxic  Effects  of  Chemical 
Substances  published  by  NIOSH. 

National  interim  primary  drinking  water  regulation 

Compounds  of  nitrogen  with  Ns  as  the  anion.  These  compounds 
may  react  with  moisture  to  evolve  flammable  ammonia  gas. 


NOEL/NOAEL 


No  observed  (adverse)  effect  level 
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NPL 

NTP 

ng 

OHMyTADS 

OSHA 

Oxidation 

Oxidizing 

materials 


PEL 

Percutaneous 

Pg 

pH 

PID 

Pk 

Plasma 

po 

Polymerizable 

material 


National  Priority  List 
National  Toxicology  Program 
Nanogram(s)  (lE-09  gram) 

Oil  and  Hazardous  Materials  Technical  Assistance  Data 
System 

Occupational  Safety  and  Health  Act  (or  Administration) 

Any  process  involving  the  addition  of  oxygen,  loss  of  hydrogen,  or 
loss  of  electrons  from  a  compound. 

Any  compound  that  spontaneously  evolves  oxygen  either 
at  room  temperature  or  under  slight  heating.  The  term  include 
such  chemicals  as  peroxides,  chlorates,  perchlorates,  nitrates,  and 
permanganates.  Hiese  can  react  vigorously  at  ambient 
temperatures  when  stored  near  or  in  contact  with  reducing 
materials  such  as  cellulosic  (i.e.,  cotton,  paper,  rayon)  and  other 
organic  compounds.  In  general,  storage  areas  for  oxidizing 
materials  should  be  well  ventilated  and  kept  as  cool  as  possible. 

Permissible  exposure  limit,  as  found  in  29CFR  1910.1000. 

Penetration  of  the  skin 

picogram(s)  (IE- 12  grams) 

A  measure  of  acidity  or  alkalinity  of  a  solution  on  a  scale  of  0-14; 
log  of  the  reciprocal  of  the  hydrogen  ion  concentration. 

Photo  ionization  detector 

Peak  concentration. 

The  straw-colored,  fluid  portion  of  blood  that  remains  when  all 
cells  are  removed. 

By  mouth 

A  substance  capable  of  self-polymerization  under 
appropriate  conditions.  Polymerization  reactions  are  often  violent, 
exothermic,  and  capable  of  causing  violent  rupture  of  sealed 
containers. 
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Polymerization  A  chemical  reaction,  usually  carried  out  with  a  catalyst,  heat,  or 
light,  and  often  under  high  pressure.  In  this  reaction,  a  large 
number  of  relatively  simple  molecules  combine  to  form  a  chain¬ 
like  macromolecule.  This  reaction  can  occur  with  the  release  of 
heat.  In  a  container,  the  heat  associated  with  polymerization  may 
cause  the  substance  to  expand  and/or  release  gas  and  cause  the 
container  to  rupture,  sometimes  violently.  The  polymerization 
reaction  occurs  spontaneously  in  nature;  industrially  it  is 
performed  by  subjecting  unsaturated  or  otherwise  reactive 
substances  to  conditions  that  will  bring  about  the  combination. 

POTWs  Publicly  owned  treatment  works 

ppb  Part(s)  per  billion 

ppm  Part(s)  per  million 

ppt  Part(s)  per  thousand 

PVA  Polyvinyl  acetate 

PVC  Polyvinyl  chloride 

Raw  Applied  to  water  or  waste  water  that  has  undergone  no 

treatment. 

RCRA  Resource  Conservation  and  Recovery  Act 

Reactivity  Relating  to  the  potential  for  a  substance  to  undergo 

(chemical)  chemical  transformation  or  change  in  the  presence  of  other 

materials.  Such  chemical  reactions  often  (but  not  always)  are 
hazardous  and  involve  evolution  of  heat,  toxic  or  flammable  gases, 
fires,  or  expolsions.  The  products  formed  by  the  reaction  may 
have  properties  or  hazards  different  from  those  of  the  chemical 
reactants. 


RBC 


Red  blood  cells 
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Reducing 

agents 


Reduction 


REL 

Rf 

RfD 

RMCL 

RNA 

RQ 

SAE 

sc 

SD 

SDWA 

sec 

Serum 

SCOT 


These  agents  act  to  extract  and  liberate  hydrogen  from  organic 
substances  and  may  generate  toxic  and/or  flammable  gases  and 
heat  in  contact  with  water.  Many  reducing  agents  may  be 
pyrophoric  and  may  ignite  combustible  materials  in  the  presence 
of  air.  Contact  with  oxidizing  materials  may  result  in  violent  or 
explosive  reactions.  Examples  of  reducing  agents  include  calcium, 
phosphorus,  sodium,  hydrazine,  arsine,  and  metallic  acetylides, 
aluminates,  boranes,  bromides,  carbides,  chlorides,  hydrides, 
hydroborates,  hyposulfites,  iodides,  phosphides,  selenides,  and 
silanes,  as  well  as  metal  ailcyis  such  as  triethyl  aluminum  and 
diethyl  zinc. 

Decreasing  the  oxygen  content  or  increasing  the  proportion  of 
hydrogen  in  a  chemical  compound  or  adding  an  electron  to  an 
atom  or  ion. 

Recommended  exposure  limit 

Retardation  factor,  i.e.,  the  ratio  of  the  velocity  of  the  interstitial 
water  to  the  velocity  of  a  pollutant  in  soil. 

Reference  dose 

Recommended  maximum  contaminant  level 

Ribonucleic  acid 

Reportable  quantities 

Society  of  Automotive  Engineers 

Subcutaneous,  beneath  the  skin 

Standard  deviation,  a  measure  of  the  spread  of  individual 
measurements  of  a  normally  distributed  variable. 

Safe  Drinking  Water  Act 

Second(s) 

The  clean  amber  fluid  that  remains  after  blood  has  clotted;  plasma 
without  any  of  the  substances  involved  in  clotting. 

Serum  glutamic  oxalacctic  transaminase,  an  enzyme  released  into 
the  serum  as  the  result  of  tissue  injury,  especially  injury  to  the 
heart  and/or  liver. 
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SGPT 

SH 

SNARL 

STEL 

STP 

Subcutaneous 


Serum  glutamic  pyruvic  transaminase,  an  enzyme  released  into  the 
serum  as  a  result  of  tissue  injury,  especially  damage  to  liver  cells. 

Sulfhydryl  group 

Suggested  no  adverse  response  level 
Short-term  exposure  limit 
Standard  temperature  and  pressure 
Beneath  the  skin 


Surface  water  That  water  contained  on  the  exterior  or  upper  portion  of  the 
earth’s  surface;  it  does  not  include  ground  water. 


Sym 


tw 

TD, 


Lo 


Teratogen 


TLV* 


TNT 

Toxic  metals 
and  their 
compounds 


TSCA 


Symmetrical 

Half-life 

Lowest  reported  toxic  dose 

A  material  that  induces  nontransmissible  changes  (birth  defects)  in 
the  offspring. 

Threshold  limit  value;  an  ACGIH-recommended  time-weighted 
average  concentration  of  a  substance  to  which  most  workers  can 
be  exposed  without  adverse  effect. 

Trinitrotoluene,  an  explosive  used  in  the  munitions  industry. 

These  include  antimony,  arsenic,  barium,  beryllium, 
bismuth,  cadmium,  chromium,  cobalt,  copper,  indium, 
lead,  manganese,  mercury,  molybdenum,  nickel,  osmium,  selenium, 
thallium,  thorium,  titanium,  zinc,  and  zirconium;  compounds 
containing  these  metals;  and  metallic  compounds  containing 
arsines,  boron,  calcium,  cesium,  magnesium,  silver,  strontium, 
tellurium,  tin,  tungsten,  or  vanadium,  among  others. 

Toxic  Substances  Control  Act 


TWA  Time-weighted-average 

fig  Microgram(s)  (lE-06  gram) 


fil. 


Microliter(s)  (lE-06  liter) 
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uns 

Upper 

flammable 

limit 

USAF 

USEPA 

Vol.% 

Water  quality 
standard 

WHO 

wk 

wA' 

wM 

% 

> 

> 

< 

< 

-> 

+ 


Unsymmetrical 

The  highest  concentration  of  the  material  in  air  which 
will  support  combustion. 

United  States  Air  Force 

United  States  Environmental  Protection  Agency 

The  number  of  milliliters  of  a  substance  in  100  milliliters  of  the 
medium. 

Legally  enforceable  provisions  of  state  or  Federal  law 
which  consist  of  a  designated  use  or  uses  for  the  waters  of  the 
United  States  and  water  quality  criteria  for  such  waters  based 
upon  such  uses. 

World  Health  Organization 

Week(s) 

Weight  per  unit  volume 
Weight  per  unit  weight 
Percent 
Greater  than 
Greater  than  or  equal  to 
Less  than 

Less  than  or  equal  to 
Approximately 
Yields  or  causes 
Plus 
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INTRODUCTION 
TOXICOLOGY  OF  METALS 


1.1  Overview 

A  complete  description  of  the  Air  Force  Installation  Restoration  Program  and  its 
corresponding  Toxicology  Guide  appears  in  Volume  1.  Briefly,  the  Air  Force 
Installation  Restoration  Program  (IRP)  was  initiated  in  December  1981  to  implement 
the  Department  of  Defense  Environmental  Quality  Program  Policy  Memorandum 
(DEQPPM)  regarding  identification  and  evaluation  of  hazardous  material  disposal  on 
DOD  sites  and  to  control  the  migration  of  these  hazardous  materials  into  ground 
water. 

The  Air  Force  IRP  Toxicology  Guide  is  an  effort  by  the  Harry  G.  Armstrong 
Aerospace  Research  Laboratory  to  (1)  identify  those  contaminants  for  which  criteria, 
standards  or  U.S.  EPA-based  guidelines  are  available,  (2)  provide  a  ground  water 
contaminant  information  data  base  for  use  at  USAF  installations  where  there  are  no 
relevant  federal,  state,  or  local  standards,  and  (3)  provide  guidelines  to  aid  in  the 
development  of  USAF  policy  and  programs  for  IRP  completion. 


1.2  Organization 

This  volume,  regarding  metals  identified  by  the  USAF  as  being  of  concern  to  the 
IRP,  is  an  extension  of  the  previous  four  volumes  addressing  a  series  of  70 
compounds  relevant  to  Air  Force  installations.  Specifically,  this  volume  presents 
information  on  cadmium,  chromium,  mercury,  zinc,  arsenic,  nickel  and  copper.  The 
general  organization  is  similar  to  that  of  the  previous  volumes,  and  consists  of 
individual  chapters  for  each  metal.  Due  to  the  complexity  of  metal  chemistry,  each 
chapter  is  not  limited  to  merely  the  elemental  form  of  the  metal,  but  rather 
information  on  various  metal  compounds.  It  was  also  necessary  to  provide  some 
degree  of  selectivity  to  avoid  overly  complex  and  unwieldly  chapters  that  would 
contain  excessive  amounts  of  extraneous  information  on  compounds  of  minimal 
toxicologic  or  environmental  significance.  Attention  was  focused  on  those  metal 
compounds  with  high  use  profiles,  those  oimmonly  encountered  as  environmental 
contaminants,  those  for  which  substantial  toxicologic  data  were  available,  or  those  for 
which  regulatory  data  are  available.  Discussion  of  the  toxic  effects  of  various  metals 
and  metal  compounds  was  limited  to  the  elemental  metal,  the  compound  per  ^  or 
compounds  for  which  the  toxic  effects  could  be  reasonably  attributed  to  the  metal 
component  and  not  a  more  hazardous,  highly  toxic  component  (e.g.,  for  compounds 
such  as  cadmium  bromide,  nickel  cyanide,  zinc  phosphide,  and  zinc  cyanide,  the  non- 
metal  components  are  of  much  greater  toxicologic  significance  and  concern  than  is 
the  metal). 

The  organization  of  individual  chapters,  described  in  more  detail  in  the 
Introduction  of  Volume  1,  is  outlined  below. 
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•  Summary  Chart  listing  chemical  and  physical  properties,  reactivity,  chemical 
symbol  or  structural  and  molecular  formulas,  atomic  number  or  molecular 
weight,  common  synonyms.  Chemical  Abstract  and  NIOSH  registry  numbers, 
and  handling  precautions.  Some  data  (physico-chemical  data,  NIOSH  and 
CAS  numbers,  handling  precautions)  are  unique  to  a  specific  metal 
compounds;  therefore,  these  summary  boxes  are  presented  separately  for  the 
elemental  form  and  for  each  individual  compound  of  significance.  Summaries 
of  persistence  in  soil-water  systems,  exposure  pathways  and  health  hazards 
are  also  provided  but  are  for  the  title  metal  and  not  individual  metal 
compounds.  Similarly,  bioconcentration  factors  are  seldom  available  for  a 
metal  compound  but  rather  are  based  on  assessment  of  the  elemental  form 
only. 

•  Environmental  and  Occupational  Standards  and  Criteria  lists  existing  environ¬ 
mental  air  and  water  standards  and  criteria  and  occupational  exposure  limits. 
These  are  usually  expressed  as  a  concentration  of  the  metal  and  not  of  a 
specific  compound. 

•  Regulatory  Status  encompasses  proposed  and  existing  regulations  in  the  U.S. 
at  the  federal  and  state  level  and  in  the  Europjean  Economic  Community 
(EEC)  countries  as  of  March,  1990.  Because  this  type  of  legislation  is  in  a 
constant  state  of  change,  the  reader  is  cautioned  that  future  regulations  may 
render  some  of  this  information  obsolete. 

•  Major  Uses  section  is  meant  to  serve  as  a  guide  only  and  is  not  com¬ 
prehensive.  It  was  usually  obtained  from  published  sources. 

•  Environmental  Fate  and  Exposure  Pathways  deals  with  the  transport, 
transformation  and  fate  of  the  chemicals  in  soil/ground-water  systems.  Data 
on  persistence  and  bioaccumulation  are  also  included.  Potential  pathways  of 
human  exposure,  particularly  oral  and  dermal  pathways  from  soil/ground¬ 
water  systems,  are  discussed.  A  section  on  biological  monitoring  is  also 
provided  for  each  metal  covered  in  Volume  5. 

•  Human  Health  Considerations  summarizes  acute  and  chronic  effects  noted  in 
humans  and  experimental  animals,  including  cancer,  genetic  and  reproductive 
hazards  and  other  chronic  functional  impairments.  This  section  is  not 
intended  to  cover  all  reported  studies.  In  general,  the  doses  and  schedules 
are  indicated  as  they  appear  in  the  original  sources;  sometimes  units  have 
been  converted  (see  Appendix  3,  Math,  Conversions  and  Equivalents)  for 
easier  comparisons  but  are  set  off  in  parentheses.  Also  included  are  levels 
of  concern  (e.g..  Reference  Doses,  Suggested  No  Adverse  Response  Levels) 
and  an  assessment  of  hazard,  indicating  areas  of  concern  associated  with 
exposure  to  a  particular  contaminant  and  the  uncertainties  involved  in 
defining  these  concerns. 
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•  Sampling  and  Analysis  provides  soil  and  water  sampling  analysis  procedures 
required  or  recommended  by  regulatory  agencies.  In  most  cases,  technology 
is  such  that  only  the  elemental  form  is  measured  and  not  a  particular  metal 
compound. 

Each  metal  has  been  assigned  a  chemical-specific  number  (i.e.,  71  through  76), 
and  the  chapter  pages  for  each  metal  are  numbered  accordingly  (e.g.,  71-1,  71-2).  It 
must  be  noted  that  any  one  chapter  (record)  will  address  the  elemental  form  of  the 
metal  as  well  as  various  metal  compounds.  The  elemental  form  of  the  metal  has 
been  used  as  chapter  and  page  headings,  with  the  Chemical  Abstract  Service  name 
listed  as  the  first  synonym  under  common  synonyms  at  the  beginning  of  each  chapter, 


hour  indices  have  been  included  as  keys  to  chapters.  These  are  based  on: 

•  Chemical  names,  recognized  common  names  and  a  few  tradenames  (Index  1); 
this  list  of  synonyms  is  not  comprehensive 

•  Molecular  formula  or  chemical  symbol  (Index  2) 

•  Chemical  Abstracts  Registry  Numbers  (Index  3) 

•  National  Institute  of  Occupational  Safety  and  Health  Numbers  (Index  4) 

Unless  otherwise  specified,  temperatures  are  given  in  degrees  Celsius  (centi¬ 
grade).  Data  are  generally  reported  in  metric  units. 

A  listing  of  handbooks,  data  books,  response  guides  and  USAF  documents  which 
may  be  useful  to  USAF  personnel  for  IRP  completion  is  given  in  Appendix  1.  Air 
Force  points  of  contact  for  the  IRP  are  listed  in  Appendix  2.  Appendex  3  contains 
mathematical  formulas  and  conversion  factors  used  for  comparison  of  data  from 
different  health  effect  studies.  Appendix  4  contains  the  addresses,  telephone  numbers 
and  contacts  for  the  Sta.  s  Water  Agencies. 


13  Metal  Spcdation  and  Environmental  Considerations 

Persistence  of  a  toxic  substance  is  of  major  concern  to  the  environmental 
toxicologist.  In  this  respect,  metals  present  a  relatively  unique  situation  among  toxic 
chemicals  in  that  they  are  not  destroyed  and  may  undergo  various  interconversions  (e. 
g.  interconversion  between  organic  and  inorganic)  depending  on  environmental 
conditions  such  as  pH  and  organic  content  of  soil  or  water.  By  virtue  of  these 
changes  in  form,  and  the  polyvalent  nature  of  metals,  their  reactivity  with  both 
nonbiological  and  biological  systems  may  be  quite  variable.  The  speciation 
(physicochemical  form)  of  the  metal  also  complicates  interpretation  of  quifntitative 
data  regarding  total  metal  concentration  because  the  contribution  of  the  reactive 
(toxic)  form  may  not  be  accurately  determined.  Metal  species  may  include  free 
aquated  ions,  metal  ions  complexed  by  inorganic  anions,  and  metal  ions  complexed  by 
organic  ligands  such  as  humic  acid,  amino  acids,  and  fulvic  acids  (8010).  Generally, 
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both  the  concentration  and  the  chemical  form  of  a  metal  determine  its  effect  in  the 
environment. 


Metal  speciation  and  toxicity  in  water  environments  has  been  reviewed  by 
Morrison  et  al.  (8006).  In  addition  to  speciation  playing  an  important  role  in  the 
bioavailability  and  potential  toxicity  of  a  metal,  it  is  also  important  in  geochemical  and 
biological  interactions  in  the  environment  (Figure  1-1). 


GEOCHEMICAL-BIOLOGICAL  INTERACTIONS  AFFECTING 
TRACE  ELEMENT  SPECIATION 

Source:  Adapted  from  Bourg  and  Mouvet  (8011) 


These  interactions  are  important  in  determining  the  accumulation  and 
mobilization  of  metals  in  the  environment,  in  determining  the  existence  and  potential 
availability  of  toxic  or  non-toxic  forms,  and  for  proportioning  a  measured 
concentration  between  toxic  and  non-toxic  forms.  Therefore,  an  assessment  of  the 
potential  effects  on  the  environment  must  entail  information  on  the  processes  in 
which  the  metal  may  participate.  These  processes  may  include  formation  of  nontoxic 
complexes,  hydrolysis,  precipitation,  adsorption,  chemosorption,  ion  exchange,  and 
redox  processes  (8002).  Obviously,  these  factors  will  vary  depending  on  the  metal  or 
metal  compound,  and  the  soil  and  water  conditions  of  a  specific  area. 

Another  important  aspect  of  speciation  is  a  differential  in  speciation  and 
accumulation  of  metals  between  environmental  waters  and  bottom  sediments  of 
waterways.  Morrison  et  al.  (8006)  note  the  significance  of  toxic  metals  in  sediments 
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of  lakes,  rivers,  and  coastal  waters  even  when  metal  concentrations  of  the  water 
comply  with  established  criteria.  As  depicted  in  Figure  1-1,  sediment  content  is 
affected  by  numerous  factors  and  may  exhibit  a  significantly  different  profile  of  metal 
species  than  that  of  the  body  of  water.  Although  characterization  of  the  sediment 
metals  is  possible,  it  is  currently  very  difficult  to  assess  ^he  toxicity  and  bioavailability 
of  these  forms. 


1.4  Metal  Toxicology  and  Essentiality 

Metallic  elements  are  found  in  living  organisms  and  many  are  essential  nutrients 
required  in  trace  amounts  for  a  variety  of  biological  functions.  Metals  are  especially 
important  in  enzyme  systems  where  they  function  as  activators  and  cofactors. 
Additionally,  metals  serve  as  structural  components  and  are  involved  in  physiological 
functions  for  control  of  excitable  membranes  and  tissues.  Excessive  levels  of  metals 
are  known  to  adversely  affect  a  wide  variety  of  tissues,  organs,  and  functions.  The 
scope  of  toxic  effects  of  metals  ranges  from  acute,  overt  signs  and  symptoms  of 
toxicity  such  as  abdominal  pain,  gastrointestinal  disorders  and  renal  failure  to  chronic 
and  more  subtle  manifestations  of  biochemical  changes,  histopathology,  or 
neurological  and  behavioral  dysfunctions.  A  classic  example  of  the  latter  is  the 
emotional  and  psychological  disturbances  seen  in  "  ’duals  exposed  to  mercury. 

Although  the  toxicity  of  many  nicials  is  well  documented,  defining  levels  relative 
to  essentiality  and  toxicity  often  becomes  difficult.  Seventeen  elements  are  known  to 
be  essential  in  human  nutritiv  n  and  include  sodium,  potassium,  magnesium,  calcium, 
chromium,  molybdenum,  manganese,  iron,  cobalt,  copper,  zinc,  phosphorus,  sulfur, 
selenium,  fluorine,  chlorine,  and  iodine.  Other  elements  such  as  nickel  are  essential 
in  animal  nutrition  but  their  importance  in  human  nutrition  has  not  yet  been 
established  (8004).  If  optimum  levels  of  metals  in  the  body  are  exceeded,  biological 
responses  are  altered  resulting  in  adverse  effects.  In  simplistic  terms,  toxicity  results 
from  an  excess  accumulation  of  the  metal  in  the  living  system.  This  burden  is  due,  in 
part,  to  the  fact  that  metals  can  not  be  degraded,  but  their  oxidation  state  may  be 
altered.  If  the  organism  is  unable  to  reduce  this  excess  by  increased  usage,  excretion 
or  sequestration,  or  by  conversion  to  a  less  toxic  form,  toxic  sequlae  will  result. 

A  common  feature  regarding  essentiality  and  toxicity  of  metals  is  the  competitive 
or  cooperative  interdependencies  among  metals,  with  one  another  and  with 
nonmetals,  and  with  organic  and  inorganic  molecules.  For  example,  an  excess  of  Zn^* 
may  inhibit  Cu^*  absorption,  and  the  toxicity  of  Cd^*  may  be  enhanced  by  a  Zn^* 
deficiency.  The  discriminative  uptake  and  utilization  of  metals  by  physiologic  systems 
is  an  ongoing  topic  of  research.  An  interdependency  among  approximately  30 
elements  in  the  mammalian  organism  has  been  documented  (8003,  8005). 
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1.4.1  Metal  Speciatioa  and  Toxicity 

Metal  speciation  is  intimately  related  to  toxicity  and  it  is  known  that  the 
interaction  of  metals  with  intracellular  targets  is  very  dependent  on  oxidation  state 
and  speciation.  Some  metals  may  covalently  bond  with  carbon  atoms  to  form 
organometallic  compounds,  the  toxicity  of  which  may  differ  greatly  from  inorganic 
forms  of  the  metal.  Generally,  soluble  forms  exhibit  greater  toxicity  whereas  lipid 
soluble  complexes  are  relatively  stable  and  less  likely  to  dissociate  to  a  toxic  free  ion 
form  (8006,  80i2).  However,  metal  alkyl  compounds  will  readily  enter  the  cell  and 
are  only  slowly  transformed  into  inorganic  salts  resulting  in  prolonged  excretion  times 
and  different  toxicity  profiles.  For  example,  the  soluble  nickel  compounds  such  as 
nickel  acetate,  nickel  sulfate  hexahydrate  and  nickel  chloride  have  greater 
bioavailablity  than  relatively  insoluble  forms,  and  methylmercury  exerts  primarily 
neurotoxic  effects  while  mercuric  chloride  is  a  renal  toxicant.  A  dramatic  disparity  in 
reactivity  is  exhibited  by  two  forms  of  nickel  oxide,  with  black  nickel  oxide  being 
reactive  and  green  nickel  oxide  being  inert  and  refractory.  Overall,  speciation  is 
instrumental  in  determining  the  absorption,  disposition,  bioavailability,  and  toxicity  of 
a  given  metal. 

Many  biological  systems  may  not  differentiate  metals  on  a  basis  other  than 
oxidation  state.  In  essence,  this  results  in  a  specific  function  (e.g.  intracellular 
transport)  "seeing"  and  utilizing  potentially  toxic  metals  as  an  essential  elt  .lent.  For 
example,  many  processes  in  the  mammalian  organism  will  readily  utilize  lead  in  place 
of  calcium,  ultimately  resulting  in  neurological  toxic  effects,  and  algae  may  accumulate 
arsenic  in  place  of  phosphorus  especially  in  phosphorus-deficient  waters. 

1.4.2  Mechanism  of  Action  of  Metal  Toxicity 

An  in  depth  discussion  of  the  mechanism  of  metal  toxicity  is  beyond  the  scope  of 
this  volume  and,  therefore,  only  a  cursory  overview  of  this  complex  topic  is  provided. 
The  chemistry  and  toxicology  of  metals  are  discussed  in  depth  in  volumes  edited  by 
Sigel  and  Seiler  (8005)  and  a  series  of  volumes  edited  by  Friberg  et  al.  (8009).  The 
toxic  effects  of  most  metals  are  ultimately  the  result  of  intracellular  activity  (e.g., 
binding  with  sulfhydryl  groups  or  macromolecules)  and  require  some  type  of 
interaction  with  the  plasma  membrane  for  entry  into  the  cell.  This  entry  may  be  via 
facilitated  transport  (cadmium,  arsenic)  or  via  diffusion  (elemental  mercury).  Some 
metals  such  as  inorganic  mercury  (Hg^*)  and  chromium  (Cr‘*),  however,  are  strong 
oxidizers  and  can  produce  ultrastructural  and/or  biochemical  alterations  in  the 
membrane  and  do  not  require  entry  into  the  cell  to  exert  toxic  effects.  Intracellular 
toxicity  may  include  ultrastructural  aberrations,  reductions  in  cell  division, 
compromised  metabolic  functions  resulting  in  reduced  energy  production  or 
utilization,  and  deficiencies  in  transport  functions.  The  mitochondrion  is  a  major 
target  of  toxicity  for  many  metals,  probably  a  result  of  the  many  biological  processes 
involving  transport  and  energy  production  occurring  in  this  organelle.  Additionally, 
some  metals  are  thought  to  adversely  affect  lysosome  membrane  stability  which  may 
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result  in  release  of  lysosomal  enzymes  and  subsequent  loss  of  structural  and 
functional  integrity  of  the  ceil. 

1.43  Factors  Influencing  Metal  Toxidty 

As  with  most  toxic  substance,  numerous  factors  may  influence  the  toxicity  of  any 
one  metal.  As  previously  noted,  metals  may  interact  with  one  another  in  a  biological 
system,  and  their  toxicity  may  be  influenced  by  other  nutritional  factors.  A  number 
of  investigators  have  reported  on  the  propensity  of  selenite  to  reduce  the  toxic  effects 
of  inorganic  mercury.  Excess  cadmium  may  alter  copper  metabolism,  and  excessive 
intake  of  molybdenum  has  been  shown  to  result  in  a  copper  deficiency.  The  cellular 
uptake  and  biological  effects  of  lead,  cadmium,  and  arsenic  were  individually  altered 
by  concomitant  dietary  exposure  of  rats  to  tolerated  doses  of  these  metals  (8015). 

For  example,  concomitant  exposure  to  lead  and  cadmium  resulted  in  a  decrease  in 
blood  and  tissue  burdens  of  lead  without  a  reduction  in  lead-induced  biological 
effects.  In  this  same  study,  it  was  shown  that  cadmium  exposure  increased  renal  and 
hepatic  zinc  concentrations,  arsenate  exposure  increased  tissue  copper  concentrations, 
and  lead  produced  changes  in  tissue  concentrations  of  zinc.  In  some  mammalian 
tissues,  copper  and  zinc  are  competitive  in  biochemical  processes.  An  increased 
absorption  and  consequent  increase  in  toxicity  of  lead  and  mercury  may  result  from 
low  protein  diets.  Vitamin  C  has  been  shown  to  reduce  cadmium  and  lead  toxicity 
but  may  increase  retention  of  mercury.  Lead  toxicity  is  known  to  be  enhanced  by 
dietary  deficiencies  in  calcium,  iron,  and  possibly  zinc  (8013). 

1.4.4  Dctoxicatioo  Mechanisms 

Although  the  cellular  targets  for  metal  toxicity  are  varied,  protection  and 
detoxication  mechanisms  do  exist.  Metallothioneins  are  low  molecular  weight 
cytoplasmic  proteins  which  are  capable  of  binding  metals  as  mercaptide  complexes. 
These  cysteine-containing  proteins  have  been  identified  in  mammalian  liver  and 
kidneys,  and  efficiently  bind  free  metals,  thus  reducing  or  preventing  their  toxic 
effects  (8001,  8008).  The  inducibility  of  metallothionein  by  exposure  to  cadmium  was 
described  by  Nordberg  et  al.  (8008)  who  demonstrated  that  pre-exposure  to  low  doses 
of  cadmium  resulted  in  a  protective  effect  against  higher  subsequent  doses.  Metal- 
protei.i  complexes  have  been  reported  for  several  metals.  These  metal-protein 
complexes  may  be  stable  and  soluble  in  aqueous  media  or  some  may  be  insoluble  and 
actually  form  histologically  discernable  tissue  deposits. 

Another  protective  mechanism  is  that  of  intranuclear  inclusion  bodies  relative 
to  the  renal  toxicity  of  lead  (8014).  These  bodies  contain  lead-protein  complexes  that 
sequester  lead,  thereby  protecting  more  sensitive  organelles.  The  presence  of  these 
bodies  may  also  be  early  markers  of  lead  exposure. 

1.43  Carcinogenicity  of  Metals 

A  number  of  m<-*^Is  (arsenic,  chromium,  cadmium  and  nickel)  have  been  shown 
to  be  carcin,;t^i.ic  m  humans  and/or  animals.  In  vitro  assays  such  as  the  Ames  test 
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have  not  shown  as  high  a  degree  of  predictability  for  metals  as  for  organic 
compounds  (8002,  8003).  As  with  other  aspects  of  toxicity,  biological,  or 
environmental  effects,  the  carcinogenic  potential  of  a  metal  may  be  dependent  upon 
the  particular  compound  (speciation).  TTie  fact  that  some  metal  compounds  appear 
to  be  carcinogenic  whereas  others  containing  the  same  metal  do  not,  may  be  a 
function  of  absorption,  distribution  and  metabolism  kinetics,  and/or  bioavailability. 
Nickel  subsulfide  is  known  to  be  a  pulmonary  carcinogen  but  not  all  nickel-containing 
compounds  have  demonstrated  this  effect.  Nonetheless,  for  health  hazard  assessment, 
the  metal  per  se  is  usually  considered  the  potential  carcinogen  regardless  of  the 
chemical  form  in  which  occurs. 
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COMMON  SYNONYMS: 

CAS.  Reg.  No.:  7440-43-9 

NIOSHNo.:  EU  9800000 

Cadmium  metal 

EPA  Hazardous  Waste  No.:  D006 

C.I.  77180 

Colloidal  cadmium 

Kadmium  (German) 

Ch^nical  Symbc^  Cd 

REACnVTTY  (4403,  4506) 


Cd  is  slowly  oxidized  by  moist  air  to  form  CdO.  It  reacts  readily  with  dilute 
HNO3;  reacts  slowly  with  hot  HCl;  does  not  react  with  alkalies;  is  soluble  in 
ammonium  nitrate  solutions;  is  flammable  in  powder  form. 


PHYSICO-CHEMICAL  DATA 


•  Atomic  Weight:  112.41  (4403) 

•  Atomic  Number:  48  (4403) 

•  Group  and  Valence:  2b,  2  (4403) 

•  Physical  State:  Solid  (4403) 

•  Color:  Silver-White  (4400) 

•  Odor:  ND 

•  Odor  Threshold:  ND 

•  Density:  8.6  (4400) 

•  Melting  Point:  320.9®  C  (4400) 

•  Bash  point:  Not  flammable 

•  Bammable  Limits:  NA 

•  Autoignition  temperature:  NA 

•  Vapor  Pressure:  1.4  mm  at  400®  C,  16  mm  at  500®  C  (4404) 

•  Saturated  Concentration  in  Air:  ND 

•  Solubility  in  water:  Insoluable 

•  Viscosity:  m  pa.s  (=dyn/cm),  400®C:  2.16 


(4402) 
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CADMIUM  -  ELEMENTAL  CADMIUM 


PHYSICO-CHEMICAL  DATA  (ConL) 

•  Surface  Tension,  mN/m  (=dyn/cm),  330*  C:  564 

(4404) 

•  Log  (Octanol-Water  Partition  Coeff.):  ND 

•  Log  K  (Stability  Constant  for  Humic  Acid-Cd^"*^ 

Complex  at  pH  8):  4.57-  5.08 

(4401) 

•  Soil- Water  Distribution  Coeff.:  NA 

•  Henry’s  Law  Constant:  NA 

•  Bioconcentration  Factor:  3.0E-t-03  (fish);  2.5E-t-05 

(4473) 

(marine  invertebrates);  9E-l-02-1.6E-»-02  (shellfish) 

(4486) 

HANDLING  PRECAUTIONS  (4404) 


Most  cases  of  acute  Cd  poisoning  result  from  inhalation  of  dust  or  fumes. 
Inhalation  exposure  to  cadmium  dusts  and  fumes  increases  the  body  burden  of 
cadmium  but  oral  exposure  is  of  greater  concern  regarding  long-term  effects. 
Protection  should  be  provided  by  a  properly  designed  exhaust  ventilation  system, 
or  for  intermittent  exposures,  by  individual  filtered  or  air-supplied  respirator. 
Immediate  medical  attention  should  be  obtained  after  severe  exposure  to  fumes 
that  are  formed  at  vaporization  temperatures  in  welding  or  brazing. 
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COMMON  SYNONYMS: 

CAS.  Reg.  No.:  543-90-8 

NIOSHNo.;  EU  9810000 

Cadmium  acetate 

EPA  Hazardous  Waste  No.:  D006 

Cadmium  salt 

Bis(acetoxy)cadmium 

Cadmium  acetate  (DOT) 

Cadmium  diacetate 

Chemical  Formula:  C4H6Cd04 

C.I.  77185 

REACTIVITY  (4468) 


Toxic  fumes  of  cadmium  oxide  may  be  released  in  fires.  No  additional 
information  regarding  the  reactivity  of  this  compound  was  located. 


PHYSICO-CHEMICAL  DATA 


•  Molecular  weight:  116.25  (4481) 

•  Physical  State:  Solid,  monoclinic  crystals  (4481) 

•  Color:  Colorless  (4481) 

•  Odor:  Odor  of  acetic  acid  (4481) 

•  Odor  Threshold:  ND 

•  Density:  2.341  (4402) 

•  Melting  Point:  256®  C  (4402) 

•  Boiling  Point:  Decomposes  (4481) 

•  Flash  Point:  Not  flammable  (4486) 


•  Flammable  Limits:  NA 

•  Autoignition  Temperature:  NA 

•  Vapor  Pressure:  ND 

•  Saturated  Concentration  in  Air:  ND 

•  Solubility  in  Water:  Very  soluble  (4402) 

•  Viscosity:  ND 

•  Surface  Tension:  ND 

•  Log  (Octanol-Water  Partition  Coeff.):  ND 

•  Log  K  (Stability  Constant  for  Humic  Acid-Cd^* 

Complex  at  pH  8):  4.57-5.08  (4401) 

•  Soil- Water  Distribution  Coeff.:  ND 

•  Henry’s  Law  Constant;  NA 

•  Bioconcentration  Factor:  ND 


71-4  CADMIUM  -  CADMIUM  ACETATE 


HANDLING  PRECAUTIONS  (4486) 


Avoid  contact  with  solid  and  dust.  Wear  dust  respirator  and  rubber  overclothing 
(including  gloves). 


CADMIUM  -  CADMIUM  BROMIDE 


71-5 


COMMON  SYNONYMS: 

CAaReg.No.:  7789-42-6 

NIOSHNo.:  EU9935000 

Cadmium  bromide 

EPA  Hazardous  Waste  No.:  D006 

(anhydrous) 

Cadmium  bromide  dimer 

Cadmium  dibromide 

Chemical  Formula:  Br2Cd 

REACTIVITY  (4486) 


Toxic  fumes  of  cadmium  oxide  may  be  released  in  fires.  No  additional 
information  regarding  the  reactivity  of  this  compound  was  located. 


PHYSICO-CHEMICAL  DATA 


Molecular  weight:  272.22 

Physical  State:  Solid,  hexagonal,  pearly  flakes 

Color:  Yellow 

Odor:  ND 

Odor  Threshold:  ND 

Density:  5.192  g/cm^ 

Melting  Point:  568°  C 
Boiling  Point:  %3°C 
Flash  Point:  Not  flammable 
Flammable  Limits:  NA 
Autoignition  Temperature:  NA 
Vapor  Pressure:  ND 
Saturated  Concentration  in  Air:  ND 
Solubility  in  Water:  95  g/100  g  at  18°  C 
Viscosity:  NA 
Surface  Tension:  ND 
Log  (Octanol-Water  Partition  Coeff.):  NA 
Log  K  (Stability  Constant  for  Humic  Acid-Cd^^ 
Complex  at  pH  8):  4.57-5.08 
Soil-Water  Distribution  Coeff.:  ND 
Henry’s  Law  Constant:  NA 
Bioconcentration  Factor:  ND 


(4403) 

(4482) 

(4482) 


(4404) 

(4404) 

(4404) 

(4486) 


(4404) 


(4401) 


71-6  CADMIUM  -  CADMIUM  BROMIDE 

HANDLING  PRECAUTIONS  (4486) 

Avoid  contact  with  solid  and  dust.  Wear  dust  respirator  and  rubber  overclothing, 
including  gloves,  goggles  or  face  shield. 
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COMMON  SYNONYMS: 

Cadmium  chloride 
(anhydrous) 

Caddy 

Cadmium  dichloride 
Kadmiumchlorid  (German) 
Vi-cad 

Dichlorocadmium 


CAS.  Reg.  No.:  10108-64-2 
NIOSHNo.:  EV  0175000 
EPA  Hazardous  Waste  No.:  D006 


Chemical  Formula:  CdCL 


REACnVITY  (4486) 


Reacts  violently  with  BrF3  and  K.  When  heated  to  decomposition,  it  emits  very 
toxic  fumes  of  Cd  and  Cl'. 


PHYSICO-CHEMICAL  DATA 

•  Molecular  weight:  183.30 

(4403) 

•  Physical  State:  Solid,  hexagonal  crystals 

(4481) 

•  Color:  Colorless 

(4481) 

•  Odor:  Odorless 

(4482) 

•  Odor  Threshold:  NA 

•  Density:  4.05  g/cm^ 

(4404) 

•  Melting  Point:  568®  C 

(4404) 

•  Boiling  Point:  980®  C 

(4404) 

•  Flash  Point:  Not  flammable 

(4486) 

•  Flammable  Limits:  NA 

•  Autoignition  Temperature:  NA 

•  Vapor  Pressure:  10  mm  at  656®  C 

(4481) 

•  Saturated  Concentration  in  Air:  ND 

•  Solubility  in  Water:  128.6  g/100  g  at  18®  C 

(4404) 

•  Viscosity:  ND 

•  Surface  Tension:  ND 

•  Log  (Octanol-Water  Partition  CoefT.):  NA 

•  Lob  K  (Stability  Constant  for  Humic  Acid-Cd^* 

Qimplex  at  pH  8):  4.57-5.08 

(4401) 

•  Soil-Water  Distribution  Coeff.:  ND 

•  Henry’s  Law  Constant:  NA 

•  Bioconcentration  Factor:  ND 

71-8  CADMIUM  -  CADMIUM  CHLORIDE 

HANDLING  PRECAUTIONS  (4486) 


The  personal  protective  equipment  required  are  safety  glasses,  rubber  gloves  and 
a  respirator  with  the  proper  filter. 
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COMMON  SYNONYMS: 

CAS.  Reg.  No.:  10022-68-1 

NIOSH  No.:  EV  1750000 

Cadmium  nitrate 

EPA  Hazardous  Waste  No.: 

Cadmium  dinitrate 

Chemical  Formula:  Cd(N03)2 

REACTIVITY  (4486) 


Not  reactive  with  water.  May  release  toxic  fumes  of  Cd  and  NO,  in  fire.  Will 
increase  the  intensity  of  a  fire  when  in  contact  with  combustible  material. 


PHYSICO-CHEMICAL  DATA 


•  Molecular  weight;  236.43  (4403) 

•  Physical  State:  Solid  (4403) 

•  Color:  White  (4486) 

•  Odor:  Odorless  (4486) 

•  Odor  Threshold:  NA 

•  Density:  ND 

•  Melting  Point:  350®  C  (4481) 

•  Boiling  Point:  Decomposes  (4486) 

•  Flash  Point:  Not  flammable  (4486) 

•  Flammable  Limits:  NA 

•  Autoignition  Temperature:  NA 

•  Vapor  Pressure:  NA 

•  Saturated  Concentration  in  Air:  NA 

•  Solubility  in  Water:  109  g/lOOg  at  0®C  (4404) 

•  Viscosity:  NA 

•  Surface  Tension:  NA 


•  Log  (Octanol- Water  Partition  Coeff.):  NA 

•  Log  K  (Stability  Constant  for  Humic  Acid):  ND 

•  Soil- Water  Distribution  Coeff.:  NA 

•  Henry’s  Law  Constant;  NA 

•  Bioconcentration  Factor:  ND 
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CADMIUM  -  CADMIUM  NITRATE 


HANDLING  PRECAUTIONS  (4486) 


Avoid  contact  with  compound  or  inhalation  dust  or  fumes.  Wear  rubber  gloves, 
goggles,  and  dust  mask. 
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COMMON  SYNONYMS: 

Cadmium  oxide 
NCI-C02551 
Cadmium  fume 
Cadmium  monoxide 
Aska-Rid 


CAS.  Reg.  No.:  1306-19-0 
NIOSHNo.:  EV  1925000 
EPA  Hazardous  Waste  No.:  D006 


Chemical  Formula:  CdO 


REACnVITY  (4486) 

Toxic  cadmium  oxide  fumes 
was  found. 

may  be  released  in  fires.  No  additional  information 

PHYSICO-CHEMICAL  DATA 


Molecular  weight:  128.40 

Physical  State:  Solid,  crystalline  or  amorphous 

Color:  Rust-brown 

Odor:  Odorless 

Odor  Threshold:  NA 

Density:  8.2  g/cm^ 

Melting  Point:  Decompose  at  1540®C 
Boiling  Point:  1559"  C 
Flash  Point:  Not  flammable 
Flammable  Limits:  ND 
Autoignition  Temperature:  ND 
Vapor  Pressure:  1  mm  at  1000"  C 
Saturated  Concentration  in  Air:  ND 
Solubility  in  Water:  9.6  x  lO'^  g/100  g 
Viscosity:  ND 
Surface  Tension:  ND 
Log  (Octanol-Water  Partition  Coeff.):  NA 
Log  K  (Stability  Constant  for  Humic  Acid-Cd^^ 
Complex  at  pH  8):  4.57-5.08 
Soil-Water  Distribution  Coeff.:  ND 
Henry’s  Law  Constant:  NA 
Bioconcentration  Factor:  ND 


(4404) 

(4404) 

(4404) 

(4482) 

(4404) 

(4404) 

(4481) 

(4486) 

(4486) 

(4486) 

(4481) 

(4404) 


(4401) 
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COMMON  SYNONYMS: 

Cadmium  stearate 
Alaixol  11 

Cadmium  distearate 
Cadmium  octadecanoate 
Kadmiumstearat  (German) 
Octodecanoic  acid 
Cadmium  salt 
SCD 

Stearic  acid,  cadmium  salt 
Cadmium  soap 


REACTIVITY 


No  information  was  located  regarding  the  reactivity  of  this  compound. 


PHYSICO-CHEMICAL  DATA  (4482) 


•  Molecular  weight:  681.48 

•  Physical  State:  Solid,  powder 

•  Color:  White 

•  Odor:  Slight  fatty  odor 

•  Odor  Threshold:  ND 

•  Density:  1.21 

•  Melting  Point:  ND 

•  Boiling  Point:  ND 

•  Flash  Point:  ND 

•  Flammable  Limits:  ND 

•  Autoignition  Temperature:  ND 

•  Vapor  Pressure:  ND 

•  Saturated  Concentration  in  Air:  ND 

•  Solubility  in  Water:  Negligible 

•  Viscosity:  ND 

•  Surface  Tension:  ND 

•  Log  (Octanol-Water  Partition  Coeff.):  ND 

•  Log  K  (Stability  Constant  for  Humic  Acid):  ND 

•  Soil- Water  Distribution  Coeff.:  ND 

•  Henry’s  Law  Constant:  NA 

•  Bioconcentration  Factor:  ND 


CAS.  Reg.  No.:  2223-93-0 
NIOSHNo.:  RG1050000 
EPA  Hazardous  Waste  No.:  ND 


Chemical  Formula: 
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HANDLING  PRECAUTIONS  (4482) 


Wear  self-contained  breathing  apparatus  and  full  protective  clothing. 


CADMIUM  -  CADMIUM  SULFATE 
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COMMON  SYNONYMS:  CAS.  Reg.  No.:  10124-36-4 

NIOSHNo.:  EV  2800000 

Cadmium  sulfate  EPA  Hazardous  Waste  No.:  ND 

No  common  synonyms 


PHYSICO-CHEMICAL  DATA 


•  Molecular  weight:  208.7  (4403) 

•  Physical  State:  Solid  (4403) 

•  Color:  White  (4486) 

•  Odor:  Odorless  (4486) 

•  Odor  Threshold:  NA 

•  Density:  4.69  (4404) 

•  Melting  Point:  1000”  C  (4404) 

•  Boiling  Point:  Decomposes  (4486) 

•  Flash  Point:  Not  flammable  (4486) 

•  Flammable  Limits:  NA 


•  Autoignition  Temperature:  NA 

•  Vapor  Pressure:  NA 

•  Saturated  Concentration  in  Air:  NA 

•  Solubility  in  Water:  76.6  g/100  g  (4404) 

•  Viscosity:  NA 

•  Surface  Tension:  NA 

•  Log  (Octanol-Water  Partition  Coeff.):  NA 

•  Log  K  (Stability  Constant  for  Humic  Acid):  ND 

•  Soil- Water  Distribution  Coeff.:  NA 

•  Henry’s  Law  Constant:  NA 

•  Bioconcentration  Factor:  ND 
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HEALTH  HAZARD  DATA 


toms  of^ort-termHuman 


With  Cd  inhalation,  an  asymptomatic  period  of  4-8  hr  may  precede  the  clinical 
illness.  The  symptoms  are  as  follows: 

1.  Metallic  taste  in  the  mouth  and  headache. 

2.  Shortness  of  breath,  chest  pain,  cough  with  foamy  or  bloody  sputum. 

3.  Weakness,  leg  pains. 

4.  Intense  pulmonary  edema  possibly  leading  to  death  by  asphyxiation. 

5.  Gradual  resolution  of  pulmonary  edema  (over  a  period  of  a  few  days) 
and  development  of  fever,  with  persistence  of  cough,  chest  pain  and 
dyspnea  for  one  or  more  weeks.  Physical  signs  of  pneumonic 
consolidation. 

6.  Late  kidney  and/or  liver  damage  has  followed  respiratory  exposures  in 
industry,  usually  due  to  increased  body  burden  of  cadmium. 


With  ingestion  of  Cd  an  asymptomatic  period  of  0.5  to  1  hr  may  precede  the 
clinical  illness.  The  symptoms  are  as  follows: 

1.  Severe  nausea,  vomiting,  diarrhea  and  abdominal  cramps  and  salivation. 

2.  Headache,  muscular  cramps,  vertigo,  and  perhaps  convulsions  (rarely). 

3.  Exhaustion,  collapse,  shock  and  death,  usually  within  a  period  of  24  hr. 

4.  The  gradual  evolution  of  signs  and  symptoms  of  liver  and  kidney 
damage  should  be  anticipated  but  are  rarely  seen  in  man. 


Acute  Toxicity  Studies: 


Inhalation: 


LClo  39  mg/m’/20  min. 
LClo  170  mg/m^ 

(cadmium) 

(cadmium) 

Human 

Mouse 

(4484) 

(4484) 

LC90  420  mg/m^/30  min. 
LCjo  2300  mg/m^ 

(cadmium  chloride) 
(cadmium  chloride) 

Dog 

Mouse 

(4484) 

(4484) 

TClo  40  pg/m’ 

LC50  15  gm/m7l0  min. 
LC50  3  gm/mVlO  min. 
LC50  3  gm/mVl5  min. 
LC50  3-^  mg/mVlO  min. 
LCjo  780  mg/mVlO  min. 
LC50  3  gm/m*/15  min. 

(cadmium  oxide) 
(cadmium  oxide) 
(cadmium  oxide) 
(cadmium  oxide) 
(cadmium  oxide) 
(cadmium  oxide) 
(cadmium  oxide) 

Man 

Monkey 

Dog 

Guinea  pig 
Mouse 

Rat 

Rabbit 

(4484) 

(4484) 

(4484) 

(4484) 

(4484) 

(4484) 

(4484) 

TClo  147  mg/m’/35  min. 
LCjo  130  m^m’/2  hrs. 

(cadmium  stearate) 
(cadmium  stearate) 

Woman 

Rat 

(4485) 

(4485) 
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Oral: 

LD50  890  mg/kg 

LD50  225  mg/kg 

LDlo  5  mg/kg 

(cadmium) 

(cadmium) 

(cadmium) 

Mouse 

Rat 

Rabbit 

(4484) 

(4484) 

(4484) 

LDlo  3gm/kg 

LD50  63  mg/kg 

LD50  60  mg/kg 

LDco  88  mg/kg 

LDi^  70  mg/kg 

(cadmium  chloride) 

(cadmium  chloride) 

(cadmium  chloride) 

(cadmium  chloride) 

(cadmium  chloride) 

Woman  (4484) 

Guinea  pig  (4484) 

Mouse  (4484) 

Rat  (4484) 

Rabbit  (4484) 

LDjo  72  mg/kg 

(cadmium  oxide) 

Mouse 

(4484) 

LD50  590  mg/kg 

LD5(,  1125  mg/kg 

(cadmium  stearate) 

(cadmium  stearate) 

Mouse 

Rat 

(4485) 

(4485) 

Dermal: 

LDlo  233  mg/kg  (cadmium  chloride) 

Guinea  pig(4484) 

Long-Term  Effects:  Renal  tubular  dysfunction;  centrilobular  emphysema 
and  bronchitis. 


Pregnancy/Neonate  Data:  Embryotoxic  and  teratogenic  in  many 
mammalian  species.  No  evidence  as  human  teratogen. 


Genotoxicity  Data:  Conflicting  data  for  in  vitro  assays.  Generally  negative  in 
mamalian  in  vivo  assays. 


Carcinogenicity  QassiGcation: 

lARC  —  2B  (limited  evidence  for  carcinogenicity  to  humans,  sufficient 
evidence  for  carcinogenicity  to  animals) 


—  Cadmium  oxide  subcnronic  rat  and  mouse  studies  in  progress 

—  B1  (probable  human  carcinogen);  inhalation  route 


CADMIUM 
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ENVIRONMENTAL  AND  OCCUPATIONAL  STANDARDS 
REGULATORY  STATUS  (as  of  Ol-MAR-90) 


Am  EXPOSURE  LIMITS: 


Standards 

•  OSHA  (8-hr  TWA): 

•  OSHA  STEL  (15-min): 

•  AFOSH  PEL  (8-hr  TWA): 


Criteria 

•  NIOSH  IDLH  (30-min): 

•  NIOSH  REL  (lO-hr  TWA): 

•  NIOSH  STEL  (15-min  ceiling): 

•  ACGIH  TLV»  (8-hr  TWA): 

•  ACGIH  STEL  (15-min): 


Cd  fume  0.1  mg/m^;  ceiling,  0.3  mg/m^ 
Cd  dust  0.2  mg/m^;  ceiling,  0.6  mg/m^ 
ND 

Cd  fume  0.1  mg/m^ 

Cd  dust  0.2  mg/m^ 


ND 

Cd  fume  0.3  mg/m^  ceiling 
Cd  dust  0.6  mg/m^ 

ND 

Cd  0.01  mg/m^ 

ND 


WATER  EXPOSURE  LIMITS: 

Drinking  Water  Standards  (4523) 

•  MCLG  (proposed):  5  pg/L 

•  MCL  (proposed):  5  pg/L 

•  NIPDWR:  10  pg/L 

EPA  Health  Advisories  and  Cancer  Risk  Levels  (4523) 

—  1-day  (child):  40  pg/L 

—  10-day  (child):  40  pg/L 

—  Long  term  (child):  5  pg/L 

—  Long  term  (adult):  20  pg/L 

—  Lifetime  (adult):  5  pg/L 

WHO  Drinking  Water  Guideline  (44831 

•  0.005  mg/L 
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ENVIRONMENTAL  AND  OCCUPATIONAL  STANDARDS 
REGULATORY  STATUS  (as  of  Ol-MAR-90)  (ConL) 


EPA  Ambient  Water  Quality  Criteria  (4490) 

•  Human  Health 

—  10  |ig/L,  based  on  ingestion  of  contaminated  drinking  water  only. 

—  10  )ig/L  based  on  ingestion  of  aquatic  organisms  and  contaminated  drinking 
water.  Values  are  based  on  hardness  of  100  mg/L  CaCOj 

•  Aquatic  Life 

—  Freshwater  species 
max.:  3.9  E-03  mg/L 
24  hr:  1.1  E-03  mg/L 

—  Saltwater  species 
max.:  0.043  mg/L 

24  hr:  9.3  E -03  mg/L 

REFERENCE  DOSES:  (4487) 

•  Inhalation:  ND 

•  Oral:  5E-04  mg/kg/day  (water) 

lE-03  mg/kg/day  (food) 


CADMIUM 
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REGULATORY  STATUS  (as  of  Ol-MAR-90) 


Promulgated  Regulations 
•  Fedmral  Programs 

Clean  Water  Act  (CWA) 

Cadmium  acetate,  cadmium  bromide,  and  cadmium  chloride  have  been 
designated  hazardous  substances  with  a  reportable  quantity  (RQ)  limit  of  4.S4 
kg  (10  lbs)  (701S,  7016).  Cadmium  and  its  compounds  are  listed  as  toxic 
pollutants,  subject  to  general  pretreatment  regulations  for  new  and  existing 
sources,  and  effluent  standards  and  guidelines  (7017,  7018).  Effluent 
limitations  for  cadmium  exist  in  the  following  point  source  categories: 
electroplating  (7025),  inorganic  chemicals  manufacturing  (7019),  nonferrous 
metals  manufacturing  (7020),  steam  electric  power  generating  (7021),  metal 
finishing  (7026),  ore  mining  and  dressing  (7023),  battery  manufacturing 
(7027),  and  electrical  and  electronic  components  (7024).  Effluent  limitations 
for  total  metals  exist  in  the  electroplating  point  source  category  (7025). 
Limitations  vary  depending  on  the  type  of  plant  and  industry. 

Safe  Drinldnir  Water  Act  (SDWA) 

Cadmium  is  on  the  list  of  83  contaminants  required  to  be  regulated  under  the 
SDWA  Amendments  of  1986  (7050).  Under  the  National  Interim  Primary 
Drinking  Water  Regulations,  the  maximum  contaminant  level  (MCL)  is  set  at 
5  pg/L  for  cadmium  in  drinking  water.  This  applies  to  community  water 
systems  (7051).  In  states  with  an  approved  Underground  Injection  Control 
program,  a  permit  is  required  for  the  injection  of  cadmium-containing  wastes 
designated  as  hazardous  under  RCRA  (7054). 


Resource  Conservation  and  Recovery  Act  (RCRA) 

Cadmium  and  its  compounds  are  listed  as  hazardous  waste  constituents 
(7079).  A  non-specific  source  of  cadmium-containing  hazardous  waste 
streams  is  wastewater  treatment  sludge  from  electroplating  operations 
(#F006)  (7075,  7077).  Waste  streams  from  the  following  industries  contain 
cadmium  and  are  listed  as  specific  sources  of  hazardous  waste:  primary 
production  of  steel  in  electric  furnaces  (#K061),  primary  copper  production 
(#K064),  primary  lead  smelting  (#K065),  primary  zinc  production  (#K066), 
and  secondary  lead  smelting  (#K069,  #K100)  (7076,  7077).  Solid  wastes 
containing  cadmium  are  listed  as  hazardous,  in  that  they  exhibit  the 
characteristic  defined  as  EP  toxicity,  when  the  TCLP  extract  concentration  of 
cadmium  is  equal  to  or  greater  than  1.0  mg/L  (7074).  Cadmium  is  subject  to 
land  disposal  restrictions  when  its  concentration  as  a  hazardous  constituent 
exceeds  designated  levels.  Effective  August  8,  1988,  cadmium-containing 
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waste  streams  with  the  hazardous  waste  numbers  F006,  K061  (waters  containing 
less  than  15%  zinc),  K064,  K065,  K066,  K069  and  KlOO  are  prohibited  from  land 
disposal  and  underground  injection  unless  designated  treatment  standards  or  the 
statutory  no  migration  standards  are  met.  Effective  August  8,  1990,  cadmium- 
containing  hazardous  waste  stream  number  K061  waters  containing  15%  or 
greater  zinc  are  prohibited  from  land  disposal  or  underground  injection  unless 
designated  treatment  standards  or  the  statutory  no  migration  standards  are  met. 
Site-specific  variances  can  be  obtained  for  soil  and  debris  contaminated  with 
hazardous  waste  (7084).  Effective  August  8,  1990,  liquid  wastes  containing 
cadmium  at  concentrations  greater  than  or  equal  to  100  mg/L  are  prohibited 
from  underground  injection  (7083).  For  groundwater  protection,  the  maximum 
concentration  of  cadmium-containing  hazardous  waste  allowed  in  groundwater  is 
0.01  mg/L  (7080).  Cadmium  is  included  on  EPA’s  groundwater  monitoring  list. 
EPA  requires  that  all  hazardous  waste  treatment,  storage,  and  disposal  facilities 
monitor  their  groundwater  for  chemicals  on  this  list  when  suspected 
contamination  is  first  detected  and  annually  thereafter  (7082).  Used  oil  that  is 
burned  for  energy  recovery  may  not  contain  greater  than  2  ppm  cadmium  (7067). 

Comprehensive  Environmental  Response  Compensation  and  Liabilitv  Act 
(CERCLA) 

The  following  cadmium  compounds  are  designated  as  hazardous  substances 
under  CERCLA  and  have  a  reportable  quantity  (RQ)  limit  of  4.54  kg  (10 
lbs):  cadmium  acetate,  cadmium  bromide  and  cadmium  chloride.  Reportable 
quantities  have  also  been  issued  for  RCRA  hazardous  waste  streams 
containing  cadmium,  but  these  depend  on  the  concentration  of  the  chemical 
in  the  waste  stream  (7064).  Cadmium  oxide  and  cadmium  stearate  are 
designated  as  extremely  hazardous  substances  under  SARA  Title  III  Section 
302.  Under  Sections  311  and  312,  any  facility  at  which  cadmium  oxide  or 
cadmium  stearate  are  present  in  an  amount  greater  than  or  equal  to  500 
pounds  or  in  excess  of  their  threshold  planning  quantities  of  100  pounds  for 
cadmium  oxide  and  1000  pounds  for  cadmium  stearate,  must  notify  state  and 
local  emergency  planning  officials.  If  any  of  these  cadmium  compounds  are 
released  from  a  facility  in  excess  of  their  reportable  quantities  (RQs),  local 
emergency  planning  officials  must  be  notiH^  (7060).  Under  SARA  Title  III 
Section  313,  manufacturers,  processors,  importers,  and  users  of  cadmium 
compounds  must  report  annually,  to  EPA  and  state  officials,  their  releases  of 
this  chemical  to  the  environment  (7059). 
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Occupational  Safety  and  Health  Act  (OSHA) 

Employee  exposure  to  cadmium  fume  (as  Cd)  shall  not  an  8-hour 

time-weighted  average  (TWA)  of  0.1  mg/m^.  Exposure  shall  also  not  exceed  a 
ceiling  level  of  0.3  mg/m^  at  any  time  during  an  8-hour  work-shift.  Employee 
exposure  to  cadmium  dust  (as  Cd)  shall  not  exceed  an  8-hour  time-weighted 
average  (TWA)  of  0.2  mg/m^  Exposure  shall  also  not  exceed  a  ceiling  level 
of  0.6  mg/m^  (7000).  These  limits  for  cadmium  dust  and  fume  are 
Transitional  Limits.  OSHA  is  in  the  process  of  setting  final  limits  and  has 
proposed  new  permissible  exposure  limits  (PEL)  (see  Proposed  Regulations 
section)(7002).  In  the  unanticipated  event  that  the  proposed  rule  for  these 
substances  is  not  finalized  by  Elecember  31,  1992,  the  Transitional  limits 
would  be  continued  as  the  final  rule  limits  (7000).  Any  substance  or  waste 
defined  as  hazardous  under  RCRA,  CERCLA,  or  HMTA  is  subject  to  the 
amended  Hazardous  Waste  Operations  and  Emergency  Response  standard 
listed  under  29CFR1910.120,  effective  March  6,  1990.  The  standard  is 
applicable  to  any  clean-up  operations  at  uncontrolled  hazardous  waste  sites 
being  cleaned-up  under  government  mandate,  certain  hazardous  waste 
treatment,  storage,  and  disposal  operations  conducted  under  RCRA,  and  any 
emergency  response  to  incidents  involving  hazardous  substances.  The 
standard  lists  employee  protection  requirements  during  initial  site 
characterization  analysis,  monitoring  activities,  materials  handling  activities, 
training,  and  emergency  response  requirements  (7003). 

Clean  Air  Act  (CAA) 

EPA  has  given  notice  of  its  intent  to  list  cadmium  as  a  hazardous  air  pollutant 
for  which  it  will  establish  emission  standards  under  Section  112  of  the  Clean 
Air  Act.  However,  as  of  November,  1989,  all  action  on  this  rule  making  has 
been  placed  on  hold  indefinitely  (7048). 

Hazardous  Materials  Transportation  Act  (HMTA) 

The  Department  of  Transportation  has  designated  cadmium,  cadmium 
acetate,  cadmium  bromide,  and  cadmium  chloride  as  hazardous  materials, 
subject  to  requirements  for  packaging,  labeling  and  transportation.  Cadmium 
has  a  reportable  quantity  (RQ)  limit  of  0.454  kg  (1  lb);  the  RQ  for  the  other 
cadmium  compounds  is  4.54  kg  (10  lbs)  (7010). 

Marine  Protection.  Research,  and  Sanctuaries  Act  (MPRSA) 

Ocean  dumping  of  organohalogen  compounds,  mercury  or  cadmium 
compounds,  as  well  as  the  dumping  of  oils  or  known  or  suspected  carcinogens, 
mutagens,  or  teratogens  is  prohibited  except  when  they  are  present  as  trace 
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contaminants.  Permit  applicants  are  exempt  from  these  regulations  if  they 
can  demonstrate  that  sucn  chemical  constituents  are  non-toxic  and  non- 
bioaccumulative  in  the  marine  environment  or  are  rapidly  rendered  harmless 
by  physical,  chemical  or  biological  processes  in  the  sea  (7009). 

Food.  Drug,  and  Cosmetic  Act  (FDCA) 

The  level  for  cadmium  in  bottled  drinking  water  is  0.01  mg/L.  This  level  is 
identical  to  the  maximum  contaminant  level  (MCL)  given  under  the  Safe 
Drinking  Water  Act  (7070). 

•  State  Water  Programs 
AM.  STATES 

All  states  have  adopted  EPA  Ambient  Water  Quality  Criteria  and  NPDWRs 
(see  Water  Exposure  Limits  section)  as  their  promulgated  state  regulations, 
either  by  narrative  reference  or  by  relisting  the  specific  numeric  criteria. 
These  states  have  promulgated  additional  or  more  stringent  criteria: 

FLORIDA 

Florida  has  set  the  following  criteria  for  cadmium  in  surface  waters: 

5  /ig/L  for  Class  II  (shellfish  propagation  or  harvesting)  fresh  waters  and 
Class  III  (fish  and  wildlife,  recreation)  marine  waters;  0.8  /ig/L  for  Class  I 
(potable  water  supply)  and  Class  III  fresh  waters  with  a  hardness  of  less  than 
150  mg/L  CaCOj;  1.2  /ig/L  for  Classes  I  and  III  fresh  waters  with  hardness 
greater  than  150  mg/L  CaCOs  (7112). 

NEW  YORK 

New  York  has  set  an  unenforceable  guidance  value  of  2.7  |ig/L  for  cadmium 
in  marine  surface  waters  (7119). 

NORTH  CAROLINA 

North  Carolina  has  surface  water  criteria  of  0.4  /ig/L  for  fresh  waters 
designated  trout  waters,  2.0  /.^g/L  for  fresh  waters  designated  non-trout 
waters,  and  5  ^<g/L  for  all  tidal  saltwaters  to  protect  aquatic  life  (7113). 

VERMONT 

Vermont  has  set  a  preventive  action  limit  of  2.5  /ig/L  for  cadmium  in 
groundwater.  Vermont’s  enforcement  standard,  however,  is  the  same  as  the 
federal  MCL,  5  A^g/L  (7114). 

WISCONSIN 

Wisconsin  has  set  a  preventive  action  limit  of  1  /ig/L  for  cadmium  in 
groundwater  (7116). 
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VIRGINIA 

Virginia  has  a  water  quality  criterion  of  0.0004  mg/L  for  cadmium  in 
groundwater  (7115). 

•  Federal  Programs 

Safe  Drinlring  Water  Act  (SDWA) 

The  Environmental  Protection  Agency  (EPA)  has  proposed  a  maximum 
contaminant  level  (MCL)  and  a  maximum  contaminant  level  goal  (MCLG)  of 
0.005  mg/L  for  cadmium  in  drinking  water.  This  would  apply  to  community 
water  systems  and  non-community  non-transient  (NTNC)  water  systems. 

Final  action  on  this  proposal  is  expected  by  January,  1991  (7049). 

Resource  Conservation  and  Recovery  Act  (RCRA) 

EPA  has  proposed  emission  rate  screening  limits  for  cadmium  in  the  burning 
of  hazardous  waste  in  boilers  and  industrial  furnaces.  Limits  vary  as  a 
function  of  device  type  and  thermal  capacity.  Final  action  on  this  proposed 
rule  is  expected  by  December,  1990  (7110). 

Comprehensive  FjiyimnmeQtal  Response.  Compensation,  and  Liabilitv  Act 
(CERCLA) 

EPA  has  proposed  that  cadmium  oxide  and  cadmium  stearate,  listed  as 
extremely  hazardous  substances  under  SARA,  be  listed  as  CERCLA 
hazardous  substances,  with  a  reportable  quantity  (RQ)  of  4.54  kg  (10  lbs). 
Final  action  on  this  rule  is  expected  by  September,  19%  (7065,  70^). 

Occupational  Safety  and  Health  Act  (OSHA) 

The  Department  of  Labor  (DOL)  has  propped  two  8-hour  time-weighted 
average  permissible  exposure  limits  (TWA  PEL)  of  5  and  1  /ig/m^  as 
alternatives  for  all  cadmium  compounds.  DOL  also  proposed  a  15-minute 
short-term  expxisure  limit  (STEL)  for  ail  cadmium  compounds  of  five  times 
the  TWA  PEL,  and  an  action  level  of  2.5  lig/m’  for  a  TWA  PEL  of  5 
and  0.5  f<g/m^  for  a  TWA  PEL  of  1  ^ig/m^  Ancillary  provisions  for  employee 
protection  are  also  proposed.  Final  action  on  this  proposal  is  expected  by 
December,  1990  (7011). 

Clean  Air  Act  (CAA) 

EPA  has  given  notice  of  its  intent  to  list  cadmium  as  a  hazardous  air  pollutant 
for  which  it  will  establish  national  emission  standards  under  the  Clean  Air 
Act  However,  all  action  on  this  rule  making  has  been  placed  on  hold 
indefinitely  (7048). 
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•  State  Water  Programs 

No  proposed  regulations  are  pending.  M(»t  states  are  in  the  process  of 
revising  their  water  programs  and  proposing  changes  in  their  regulations 
which  will  follow  EPA’s  changes  when  they  become  final.  Contact  with  the 
state  officer  is  advised.  Changes  are  projected  for  1990-91  (7058). 


EEC  Directives 

Directive  on  Drinking  Water  (7086) 

The  mandatory  values  for  cadmium  in  surface  water  treatment  categories  Al, 
A2  and  A3  us^  or  intended  for  abstraction  if  drinking  water  are  0.005  mg/L. 
Guideline  values  for  categories  Al,  A2  and  A3  are  0.tt)l  mg/L 

Directive  on  Bathing  Water  Quality  (708^ 

There  are  no  mandatory  values  for  cadmium  or  guideline  values. 

Directive  on  Discharge  of  Dangerous  Substances  (7068) 

Cadmium  cannot  be  discharged  into  inland  surface  waters,  territorial  waters  or 
internal  coastal  waters  without  prior  authorization  from  member  countries 
which  issue  emission  standards.  A  system  of  zero-emission  applies  to 
discharge  of  the  substances  into  ground  water. 

Directive  on  the  Qu^tv  of  Shellfish  Waters  (7090) 

The  mandatory  specifications  for  cadmium  specify  that  the  concentration  of 
each  substance  in  the  shellfish  water  or  in  the  shellfish  flesh  must  not  reach 
or  exceed  a  level  which  has  harmful  effects  on  the  shellfish  and  larvae.  The 
synergistic  effects  of  other  metals  must  be  taken  into  consideration.  The 
guideline  specifications  state  that  the  concentration  of  cadmium  in  shellfish 
must  be  so  limited  that  it  contributes  to  the  high  quality  of  shellfish  product. 

Directive  on  Ground  Water  (7091) 

To  ensure  the  effective  protection  of  groundwater  in  the  Community  it  is 
necessary  to  limit  the  discharge  of  cadmium  in  groundwater.  The  purpose  of 
this  directive  is  to  prevent  pollution  of  groundwater  substances  belonging  to 
substances  listed  in  the  Annex  of  this  directive.  Cadmium  shall  be  subject  to 
prior  review  so  as  to  limit  discharge  into  groundwater.  Member  states  may 
grant  authorization,  provided  that  all  technical  precautions  for  preventing 
groundwater  pollution  by  cadmium  has  been  observed. 

Directive  Relating  to  the  Quality  of  Water  Intended  for  Human  Consumption 
(7092) 

The  maximum  admissible  concentration  for  cadmium  is  50  pg/L  There  are 
no  guideline  levels  for  cadmium. 
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Directive  on  Toxic  and  Dangerous  Wastes  (7093) 

Any  installation,  establishment,  or  undertaking  which  produces,  holds  and/or 
disposes  of  certain  toxic  and  dangerous  wastes  including  cadmium  and 
cadmium  compounds  shall  keep  a  record  of  the  quantity,  nature,  physical  and 
chemical  characteristics  and  ongin  of  such  wastes,  and  of  the  method  and 
sites  used  for  disposing  of  such  waste. 

Directive  on  the  aassiCcation.  Packaging  and  Labeling  of  Dangerous 
Substances  (7095) 

Cadmium  is  classified  as  a  toxic  substance  and  is  subject  to  packaging  and 
labeling  regulations.  Cadmium  may  contain  a  stabilizer.  If  the  stabilizer 
changes  the  dangerous  properties  of  this  substance,  substance  should  be 
labeled  in  accordance  to  rules  in  Annex  I  and  EEC/884/490,  July  22,  1989. 

Directive  on  IJmit  Values  and  Quality  Objectives  for  Cadmium  Discharges 
(7103) 

Industrial  discharges  of  cadmium,  >vith  the  exception  of  industrial  plants 
manufacturing  phosphoric  acid  or  fertilizer  must  comply  with  limit  values, 
quality  objectives,  methods  of  measurement  and  monitoring  procedures 
defin^  in  Annexes  I,  II,  III,  and  FV  of  this  directive.  This  directive  lays  down 
limit  values  for  zinc  mining,  lead  and  zinc  refining,  cadmium  metal  and  non- 
ferrous  metal,  and  electroplating  industries;  and  manufacturers  of  cadmium 
compounds,  pigments,  stabilizers,  and  primary  and  secondary  batteries. 
Authorizations  may  only  be  granted  to  new  plants  if  they  apply  the  standards 
corresponding  to  the  b^t  technical  means  available  in  the  elimination  of 
pollution. 

Directive  on  the  Combating  of  Air  Pollution  From  Industrial  Plants  (7108) 
Cadmium  and  cadmium  compounds  are  considered  heavy  metals  and  are 
classified  as  polluting  substances  in  Annex  II  of  this  directive.  This  directive 
requires  member  states  to  ensure  that  the  types  of  industrial  plans  listed  in 
Annex  I  receive  authorization  before  operation  or  substantial  alteration. 
Industrial  plants  which  produce  or  use  cadmium  or  cadmium  compounds  for 
its  operation  must  require  prior  authorization  by  the  competent  authorities. 
An  authorization  may  be  issued  only  when  the  competent  authority  is  satisfied 
that:  (1)  all  appropriate  preventive  measures  against  air  pollution  have  been 
taken;  (2)  the  use  of  the  plant  should  not  cause  significant  air  pollution, 
particularly  from  the  emission  of  substances  in  Annex  II;  and  all  air  quality 
limit  values  applicable  are  taken  into  account. 
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EEC  DirecUves-ResoIutions 

Resolution  on  a  Revised  list  ai  Seoond-Catepirv  PoUuUmts  (7094) 

Cadmium  is  one  of  the  second-category  pollutants  to  be  studied  by  the 
Commission  in  the  program  of  action  of  the  European  Communities  on 
Environment  in  order  to  reduce  pollution  and  nuisances  in  the  air  and  water. 
Risks  to  human  health  and  the  environment,  limits  of  pollutants  levels  in  the 
environment,  and  determination  of  quality  standards  to  be  applied  will  be 
assessed. 

EEC  Directives-Propased 

Proposal  for  a  Council  Directive  on  the  Dumping  of  Waste  at  Sea  (7099) 

EEC  has  proposed  that  dumping  of  cadmium  and  its  compounds  at  sea  be 
prohibited. 

EEC  DitecUves-Dedsions 

RFC  Council  Decision  on  the  Convention  On  Marine  Pollution  From  T  .and- 
Based  Sources  (710S) 

The  convention  provides  steps  to  be  taken  in  preventing  pollution  of  the 
North  East  Atlantic  and  The  North  Sea  from  land-based  sources.  These  steps 
apply  to  three  substances  listed  in  Annex  A:  Part  I  substances  include 
persistent  chemical  families  or  materials  which  must  be  eliminated;  Part  III 
substances,  include  less  persistence  organic  substances  and  heavy  metals, 
which  must  be  reduced  or  eliminated,  as  appropriate;  discharges  must  be 
subject  to  approval  by  representatives  of  the  contracting  party.;  and  Part  III, 
radioactive  substances  and  waste  discharges  must  be  forestalled  and,  as 
appropriate,  eliminated. 

EEC  Council  Decision  on  Marine  Pollution  Bv  Mercury  and  Cadmium  (7106) 
This  decision  mandates  the  EEC  Community  to  comply  with  programs  of 
emission  standards,  limit  values,  quality  objectives,  reference  methods  of 
measurement,  monitoring  procedures  and  time  limits  laid  down  in  the 
PARCOM  D^isions  by  directives  76/464/EEC,  83/513/EEC  and  814/156 
EEC.  It  applies  to  mercury  and  cadmium  discharges  by  sectors  other  than  the 
chlor-alkali  electrolysis  industry. 
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71.1  MAJOR  USES 

One  major  use  of  cadmium  is  for  the  electroplating  of  steel  to  improve  its  corro¬ 
sion  resistance.  Cadmium  is  also  used  in  low-melting-point  alloys,  nickel-cadmium 
batteries,  nuclear  control  rods,  as  an  alloying  ingredient  to  copper,  power  transmission 
wire,  and  TV  phosphors.  It  is  also  used  as  the  basis  of  pigments  for  ceramic  glazes, 
machinery  enamels,  and  baking  enamels,  as  a  fungicide,  and  in  photo-electric  cells 
(4406,  4506). 

71.2  ENVIRONMENTAL  FATE  AND  EXPOSURE  PATHWAYS 

71.2.1  Transport  in  SoilAIround-water  Systems 

71.2.1.1  Overview 

In  soil,  cadmium  may  be  present  as  free  cadmium  compounds  or  in  solution  as  the 
Cd^*  ion  dissolved  in  soil  water  (4426).  Cadmium  is  most  mobile  in  acidic  soils  with  a 
pH  range  of  4.5  to  5.5,  while  in  alkaline  soil  cadmium  is  rather  immobile.  The  concen¬ 
tration  of  cadmium  in  the  soil  solution  is  relatively  low  and  is  reported  to  be  in  the 
range  of  0.2  to  6  pg/L  (4428). 

In  soils  developed  under  the  influence  of  a  humid  climate,  cadmium  is  more  likely 
to  migrate  down  the  profile  than  to  accumulate  in  the  surface  horizon;  thus  the 
enrichment  of  cadmium  observed  in  topsoils  may  be  related  to  contamination  effects 
(4428).  The  differences  in  concentrations  of  cadmium  in  normal  and  contaminated 
soils  of  several  countries  are  shown  presented  in  the  U.S.  EPA  (4477).  In  normal 
(non-contaminated)  soils  throughout  the  world,  the  average  cadmium  content  ranges 
from  0.016  to  1.4  ppm.  For  contaminated  soils,  the  cadmium  content  ranges  from  0.41 
to  72  ppm. 

Cadmium  interacts  strongly  with  sulfhydryl  groups  such  as  in  cysteine. 

In  natural  waters,  the  organic  matter  present,  such  as  amino  acids,  aminosugars, 
polysaccharides,  aliphatic  and  aromatic  hydroxy  and  carboxylic  acids,  also  contains 
suitable  donor  atoms  for  complex  formation  with  cadmium  (4407). 

Gardner  (4408)  mentions  that  fresh  ground  water  generally  contains  a  greater 
portion  (up  to  90%)  of  free  Cd(-*-2)  ions  than  sewage  effluents  (62-71%),  whereas 
humic  acid  complexes  may  account  for  only  37-29%  of  total  cadmium. 

In  the  management  of  cadmium-enriched  cropland  the  most  reliable  methods  for 
reducing  cadmium  availability  was  the  layering  of  unpolluted  soil  over  polluted  soil  to  a 
depth  of  30  cm  (4428). 

71.2.1.2  Sorption  on  Soils 

Adsorption  on  soil  and  sediments  greatly  affects  the  mobility  of  cadmium  in  the 
environment.  Two  important  mechanisms  in  the  process  are  specific  adsorption  and 
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ion  exchange.  Often  there  is  a  correlation  between  the  adsorption  of  cadmium  and  the 
cation  exchange  capacity  (CEC)  of  the  soil  (4401).  When  cadmium  is  held  to  soil 
mineral  or  organic  constituents  by  cation  exchange,  it  is  not  readily  leached  from  soil  by 
rainwater.  For  cadmium  held  by  cation  exchange,  the  major  reaction  for  its  release  is 
as  follows: 


(soiP)(Cd2^)  +  2H*  -  (soiP)(H^)+  Cd^\ 

where  (soiP')  represents  cation  exchange  functionalities  in  the  soil.  Thus  high  soil 
acidity  would  favor  the  release  of  Cd^*  and  its  uptake  by  plants  (4426). 

At  low  environmental  concentrations  of  cadmium,  the  most  important  mechanism  is 
speciOc  adsorption  to  calcite  (CaCOj)  and  hydrous  oxides  of  iron  and  aluminum  (4401). 
The  behavior  of  cadmium  in  soil  and  sediments  is  controlled  by  adsorbents  such  as  clay 
minerals,  carbonate  minerals,  oxides,  and  to  a  lesser  extent,  organic  matter  (4401). 

The  presence  of  anions  also  affects  cadmium  adsorption.  For  example,  sulfate  and 
chloride  ions  reduce  adsorption  by  amorphous  Fe(OH)3,  and  chloride  r^uces  adsorp¬ 
tion  by  clay  minerals,  lepidocrocite  (a-FeOOH),  silica,  and  alumina.  However,  ligands, 
such  as  thiosulfate,  humic  acid,  nitriloacetate,  glycine,  tartrate  and  phosphate  increase 
cadmium  adsorption  (4401). 

The  adsorption  of  cadmium  is  also  influenced  by  competition  by  other  metal 
cations:  the  presence  of  Ca*^,  Mg^^  and  trace  metal  cations  reduces  adsorption  by  soils, 
clay  minerals,  Fe  and  Mn  oxides,  and  alumina  (4401).  Ranges  of  adsorption  constants 
for  cadmium  on  soils  and  sediments  are  presented  by  Bodek  et  al.  (4401). 

71.2.1.2.1  Adsorption  to  Sediments  and  Residence  Time 

Adsorption  to  sediments  increases  with  pH  and  beyond  a  threshold  point,  i.e.,  pH 
i.7  in  the  case  of  cadmium,  virtually  all  the  metal  ion  is  sorbed  (4407).  Muhlbaier  and 
Tisue  (4409)  prepared  a  cadmium  budget  for  southern  Lake  Michigan  and  estimated 
that  the  residence  time  for  cadmium  in  water  was  8.5  years,  and  the  input  rate  was  2.5 
times  greater  than  the  combined  rates  of  sedimentation  and  outflow. 

71.2.13  Volatilization  from  Soils 

It  was  shown  that  a  strain  of  Pseudomonas  produced  trace  amounts  of  a  volatile 
cadmium  species  from  inorganic  Cd(Il)  in  the  presence  of  Vitamin  B,2  (4410). 

However,  in  the  soil  cadmium  is  not  reduced  or  methylated  by  organisms.  Thus,  unlike 
mercury  and  arsenic,  microorganisms  do  not  produce  more  soluble  and  volatile  forms  of 
cadmium  (4426). 

7132  Transformation  Processes  in  Soil/Ground-watcr  Systems 

Cadmium  is  a  sulfophilic  ana  oxyphilic  clement.  At  pH  values  encountered  in  the 
environment  multiple  hydrolysis  of  cadmium  occurs.  At  pH  9  cadmium  begins  to 
hydrolyse,  forming  Cd(OH)*  species.  When  no  precipitating  ions  are  present,  Cd^^  will 
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be  available  for  sorption  onto  suspended  solids  and  complexation  with  organic  matter 
and  will  be  transported  in  these  forms  (4407). 

Since  cadmium  cannot  be  destroyed,  an  appropriate  strategy  in  cases  of  contamina¬ 
tion  would  be  to  steer  cadmium  away  from  air,  surface  water  and  topsoil  toward  the 
deeper  soil  strata  where  its  potential  for  return  to  the  biosphere  would  be  more 
restricted  (4476). 

71.23  Primary  Routes  of  Exposure  from  SoilA^round-water  Systems 

Contamination  of  topsoil  constitutes  the  most  critical  environmental  pathway  for 
cadmium  exposure.  Major  pathways  to  agricultural  topsoil  are  phosphate  fertilizer, 
emissions  deposition,  irrigation  water,  and  sewage  sludge  landspreading  (4476).  Other 
sources  of  pollution  by  cadmium  include  by-products  of  metal  processing  (particularly 
the  refining  of  zinc),  mine  wastes,  electroplating  wastes,  and  pesticides  (4410). 

Cadmium  is  bioconcentrated  by  both  aquatic  and  terrestrial  organisms  (4426). 
Callahan  et  al.  (4473)  report  that  the  bioconcentration  factor  (ppm  in  the  organism  on 
a  wet-weight  basis  divided  by  ppm  in  the  water)  for  cadmium  ranges  from  1,000  for 
freshwater  and  marine  plants  up  to  3,000  for  freshwater  and  marine  fish.  Lu  et  al. 
(4501)  found  that  bioaccumulation  of  cadmium  was  strongly  correlated  with  the  cation 
exchange  capacity  of  the  test  soils  in  the  organism’s  environment.  As  cation  exchange 
capacity  increased,  bioaccumulation  of  cadmium  decreased. 

The  largest  component  of  human  exposure  arises  from  the  consumption  of  edible 
portions  of  plants  that  have  bioconcentrated  cadmium,  or  in  the  case  of  tobacco,  from 
inhaling  the  combustion  emissions;  the  other  major  component  involves  consumption  of 
animals  (or  animal  products)  fed  with  terrestrial  vegetation  (4476).  Children  may  also 
be  exposed  through  ingestion  of  contaminated  soil  (4415). 

A  survey  of  eight  municipal  landfills  suggested  that  such  landfills  did  not  usually 
result  in  groundwater  contaminated  with  hazardous  levels  of  cadmium  (4476).  Also  a 
survey  of  50  industrial  solid  waste  disposal  sites  did  not  implicate  cadmium  as  one  of 
the  metals  of  concern  (4476).  Exposure  through  drinking  water  in  general  is  consid¬ 
ered  minor  (4476). 

713.4  Other  Sources  of  Human  Exposure 

The  inhalation  of  cadmium-containing  dusts  and  fumes  contribute  to  the  acute 
toxic  effects  of  cadmium  but  increasing  the  body  burden  via  ingestion  of  foods,  water, 
and  mucociliary  transport  will  contribute  to  the  long-term  effects  such  as  renal  toxicity. 

Ingestion  of  food  represents  the  single  most  important  source  of  cadmium  in  man, 
especially  in  non-smokers  (4477).  Cadmium  is  found  in  many  staple  foods.  Schroeder 
and  Balassa  (4412)  reported  large  quantities  of  cadmium  in  shellfish,  particularly  oysters 
and  lobsters,  and  appreciable  amounts  in  wheat,  corn,  and  oat  grains 
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Food  Groups  by  Mean  Cadmium  Content  and 

Their  Contribution  to  Daily  Cadmium  Intake 

Food  Group 

Concentration,  oom 
Mean 

Cadmium 

intake 

ng/day 

Percent  of 
total  daily 
diet 

Contribution  to  daily 
cadmium  intake,  % 

Leafy  vegetables 

0.051 

3.18 

2.0 

6.2 

Potatoes 

0.046 

9.11 

7.0 

17.8 

Fruits 

0.042 

9.38 

7.4 

183 

Grains 

0.028 

11.66 

12.6 

22.8 

Oils,  fats,  and  shortning 

0.027 

1.36 

1.8 

2.7 

Root  vegetables 

0.021 

0.76 

1.2 

1.5 

Garden  Fruits 

0.019 

1.71 

3.0 

3.4 

Meats  and  poultry 

0.0093 

2.49 

9.9 

4.9 

Sugars  and  adjuncts 

0.0083 

0.68 

2.8 

1.3 

Legume  vegetables 

0.006 

0.42 

2.5 

0.8 

Beverages 

0.0057 

6.49 

23.9* 

in 

Dairy 

0.005 

3.94 

25.9 

7.7 

'Includes  water 
Source:  (4446) 


and  their  products,  in  pork  and  beef  kidney  and  liver,  in  apple  cider,  various  vegetables, 
and  in  fresh,  roasted  peanuts.  Table  71-1  shows  the  cadmium  content  of  some  food 
groups  and  their  contribution  to  daily  cadmium  intake  (4477).  Cadmium  was  also 
found  in  the  tissues  of  game  animals  such  as  deer,  squirrel,  rabbit  and  grouse  (4411). 

Cadmium  may  be  absorbed  from  ingestion  of  the  metal  lost  from  glazes  on  ceramic 
table  and  cooking  ware,  and  from  chewing  pencils  or  toys  containing  cadmium  pigments 
(4415). 

Another  major  source  of  cadmium  exposure  in  man  is  from  cigarette  smoking 
(4477).  Westcott  and  Spencer  (4417)  noted  that  a  packet  of  20  plain  cigarettes  yielded 
about  6  pg  cadmium  in  the  inhaled  main-stream  smoke.  Oberddrster  (4423)  hypothe¬ 
sized  that  on  the  assumption  of  a  cadmium  content  of  1.6  pg/cigarette,  10%  being 
inhaled  with  mainstream  smoke  and  50%  being  deposited,  a  one-pack-per-day  smoker 
may  deposit  an  average  of  1.6  pg  of  cadmium/day. 
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Exposure  to  cadmium  from  drinking  water  has  been  considered  minor  (4476),  but  it 
should  be  mentioned  that  the  presence  of  cadmium  was  detected  in  a  number  of  water 
sources  including  unpiped  spring,  pond,  river  and  public  reservoirs;  piped  water  from 
public  places,  laboratories  and  private  homes  (4411).  Meranger  et  al.  (4478)  quoted  au 
arithmetic  mean  of  0.05  pg/L  for  cadmium  found  in  Canadian  drinking  water,  while 
Konz  and  Walker  (4479)  mention  that  most  drinking  waters  probably  do  not  contain 
more  than  1  pg  cadmium/L.  There  is  concern  over  cadmium  in  soft  drinking  water 
with  low  alkalinity,  because  this  water  (where  the  pH  may  be  5  or  6)  would  tend  to 
dissolve  cadmium  and  lead  from  water  lines  and  from  soft  solder  used  in  connecting 
lines  (4477). 

Friberg  and  Elinder  (4416)  report  that  exposure  of  humans  to  cadmium  occurs  in 
occupations  involving  the  refining  of  metal  ores  or  use  of  corrosion-resistant  coatings, 
alloys,  pigments,  plastics,  batteries  and  photographic  materials.  It  has  been  estimated 
by  NIOSH  (cited  in  4426)  that  1,500,(K)0  workers  in  the  United  States  may  be  exposed 
to  cadmium  through  occupational  exposure.  This  was  based  on  a  survey  of  occupation 
al  hazards  in  industries  such  as  those  listed  above. 

Cadmium  in  airborne  dusts  may  be  inhaled.  The  overall  absorption  through  the 
lungs  is  probably  between  13%  and  19%  of  the  total  inhaled,  or  less  than  0.06  pg/day 
(4415).  Ambient  air  concentrations  from  industrial  emissions  currently  do  not  appear 
to  pose  much  risk  to  the  general  population;  however,  in  certain  cases  increases  in 
cadmium  body  burden  might  be  expected  for  individuals  residing  near  certain  types  of 
sources  (4477). 

The  possibility  of  human  exposure  from  high  concentrations  of  environmental 
cadmium  was  seen  in  Shipham  Parish,  Somerset,  England  where  the  cadmium  content 
of  garden  soil  was  87  ppm  compared  with  the  UK  average  of  2  ppm.  Cadmium  content 
was  elevated  in  leafy  vegetables  such  as  cabbage,  kale,  spinach,  lettuce,  rhubarb  and 
celery.  Evidence  for  a  health  risk  was  however  inconclusive  (4415). 

71.2^  Biological  Monitoring 

Biological  monitoring  of  cadmium  is  summarized  by  the  Agency  for  Toxic  Substunc 
es  and  Disease  Registry  (4426).  The  biological  samples  in  which  cadmium  may  be 
measured  include  blood/plasma,  urine,  hair,  liver  and  kidney,  and  muscle  tissue.  Atomic 
absorption  spectroscopy  may  be  used  for  measuring  cadmium  in  blood/plasma,  urine, 
hair,  and  soft  tissues.  The  detection  limits  vary,  ranging  from  less  than  1  ng/mL  to 
several  micrograms/L  depending  on  the  tissue  sample  and  sample  preparation  proce¬ 
dure.  Cadmium  in  tissues  may  be  measured  in  vivo  by  neutron  activation  analysis  or 
x-ray  fluorescence  (4520). 
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71 J  HUMAN  HEALTH  CONSIDERATIONS 

713.1  Animal  Studies 

713.1.1  Carcinogenicity 

The  first  evidence  of  a  local  carcinogenic  effect  after  subcutaneous  injection  of 
cadmium  was  reported  by  Haddow  et  al.  (4414),  who  found  sarcomas  in  rats  after 
administration  of  a  cadmium-containing  ferritin  compound.  Local  tumors  in  animals 
were  also  described  by  Heath  et  al.  (4418)  after  intramuscular  injection  of  0.014-0.028  g 
cadmium  powder  in  0.4  ml  fowl  serum.  Heinrich  (4413)  presented  a  tabular  summary 
of  22  investigations  from  1961-1983,  in  which  cadmium  administered  by  the  subcutane¬ 
ous  or  intramuscular  route,  as  cadmium,  CdClj,  CdS04,  CdO,  CdS,  and  Cd-Ferritin,  in 
doses  of  0.2-40  mg/animal,  caused  local  sarcomas  as  well  as  Leydig  cell  testicular 
tumors. 

A  survey  of  nine  investigations  (1958-1980)  on  oral  intake  of  cadmium  in  food  or 
drinking  water,  or  after  administration  by  stomach  tube,  in  mouse,  rat  or  dog,  with  the 
maximum  cadmium  dose  of  4  mg/kg  b.w.Aveek  for  18  months  (mouse)  and  50  mg/L 
drinking  water  for  2  years  (rat)  and  with  studies  ranging  from  1.5  to  4  years,  showed  no 
treatment-related  increase  of  tumor  incidences,  even  though  the  cadmium  dose  applied 
was  very  high  (4413). 

The  carcinogenic  effects  of  cadmium  by  the  inhalation  route  were  investigated  by 
Hadley  et  al.  (4419).  Following  exposure  of  rats  to  60  pg/L  CdO  for  30  minutes,  they 
found  lung  tumors  in  1/34  rats  after  one  year.  Heering  et  al.  (4420)  exposed  rats  to  20 
pg/m^  of  CdCl2  to  rats  for  18  months  and  found  lung  tumors  in  5/10  rats.  However,  no 
details  were  available  for  the  lung  tumor  incidence  in  control  animals. 

In  the  experiments  of  Takenaka  et  al.  (4421),  rats  were  exposed  to  CdCl2  at  a 
concentration  of  12.5,  25,  or  50  pg/m^  (mass  median  aerodynamic  diameter  0.55  pm) 
for  18  months.  After  an  additional  13  months  of  observation,  primary  lung  carcinomas 
were  found  in  a  dose-response  relationship.  At  an  exposure  concentration  of  12.5 
pg/m^  lung  carcinomas  developed  in  15.4%  of  the  animals;  at  25  pg/m’  it  was  5Z6%, 
and  at  50  pg/m’,  lung  carcinomas  developed  in  71.4%  of  the  animals.  There  were  no 
lung  tumors  in  the  control  animals.  Histologically,  the  tumors  seen  in  the  experimental 
animals  were  adenocarcinomas,  epidermoid  carcinomas,  mucoepidermoid  carcinomas 
and  combined  epidermoid  and  adenocarcinomas. 

In  the  study  of  Sanders  and  Mahaffey  (4422)  the  carcinogenicity  of  CdO  was 
evaluated  by  intratracheal  instillation  of  the  compound  into  male  rats.  Small  particles 
of  CdO  (count  median  diameter  0.5  pm)  suspended  in  saline  were  instilled  at  a  dose  of 
25,  50  or  75  pg  at  weekly  intervals.  The  experimental  time  was  approximately  2.5 
years.  Two  rats  in  the  50  pg  group  developed  adenocarcinomas  (not  statistically 
significant).  However,  there  was  a  significant  increase  (P  <  0.05)  in  the  incidence  of 
mammary  gland  fibroadenomas  in  all  cadmium-treated  groups  compared  to  controls. 

The  authors  postulated  that  the  failure  to  induce  a  significant  increase  in  lung  tumors 
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may  have  been  related  to  the  method  of  administration,  since  it  had  been  found  that 
80%  of  an  instilled  CdO  dose  was  cleared  from  rat  lung  with  a  half-life  of  4  hr. 

Cadmium  does  not  appear  to  be  carcinogenic  by  ingestion.  The  greatest  reason¬ 
able  potency  for  cadmium  by  ingestion  was  estimated  as  0.0017  (4427).  A  review  of  the 
pulmonary  carcinogenicity  of  cadmium  appears  in  Oberd0rster(4508). 

Recent  studies  by  Sunderman  (4514)  provided  evidence  for  cadmium  (Cd^  ^) 
replacing  zinc  (Zn"^^)  in  DNA-binding  proteins.  Such  perturbations  in  these  proteins 
may  provide  a  molecular  basis  for  cadmium  carcinogenicity.  This  study  is  described  in 
more  detail  in  section  71.3.1.2. 

713.1.2  Genotoxicity 

Conflicting  data  are  present  with  regard  to  the  induction  by  cadmium  of  DNA 
damage  and  mutagenicity  in  bacteria  and  yeast.  In  a  review  by  Degraevc  (4424)  it  was 
reported  that  in  the  r^  assay  in  Bacillus  subtilis  strains  H17  and  M45,  positive  results 
were  obtained  with  CdCl2  and  CdS04,  whereas  Cd(N03)2  gave  less  evident  results.  In 
Escherichia  coli  (trv'l  cadmium  salts  were  inactive.  In  five  strains  of  Salmonella 
typhimurium  (TA98,  TAIOO,  TA  1535,  TA  1537,  TA1538),  in  which  histidine  reversions 
were  studied,  negative  results  were  obtained  with  or  without  activation.  Treatment  of 
Saccharomvccs  cerevisiae  cells  with  cadmium  caused  toxicity  but  not  mutagenicity 
(4430).  Degraeve  (4424)  citing  the  works  of  Ramel  and  Friburg  (4433)  and  Sorsa  and 
Pfeifer  (4434)  reported  that  cadmium  was  not  mutagenic  in  Drosophila  melanogaster. 

Almost  all  genotoxicity  experiments  with  cadmium  carried  out  on  mammals  in  vivo 
gave  negative  results  (4424).  Cadmium  did  not  induce  an  increase  in  the  number  of 
sperm  abnormalities  in  male  mice  (  4438).  Sutou  et  al.  (4435)  administered  CdCl2 
orally  at  dose  levels  of  0.1,  1.0  or  10.0  mg/kg/day  for  9  weeks  to  male  rats.  Following 
mating  with  two  femalesAveek  for  6  weeks,  it  was  found  that  there  were  no  significant 
differences  in  the  average  numbers  of  corpora  lutea,  total  implantations,  pre-implanta¬ 
tion  losses,  late  deaths  or  total  deaths/female.  However,  cadmium  acetate  transformed 
Syrian  hamster  embryo  cells  (4437). 

Cadmium  was  shown  to  be  mutagenic  in  the  mouse  lymphoma  assay  by  both 
Amacher  and  Paillet  (4431)  and  Oberly  et  al.  (4504). 

The  U.S.  EPA  (4427)  reviewed  data  on  the  mutagenicity  of  cadmium  and  reported 
that  cadmium  had  been  tested  in  a  variety  of  mutagenicity  tests  with  both  negative  and 
positive  results  obtained.  Because  a  variety  of  endpoints  and  protocols  had  l^n  used, 
the  U.S.EPA  mentioned  that  a  resolution  of  the  apparently  conflicting  data  was  not 
currently  possible.  Several  of  the  positive  results  were  observed  at  concentrations  in 
which  some  cytotoxicity  was  apparent,  and  it  was  suggested  that  the  mutagenic  effect  of 
cadmium  may  be  an  indirect  one  (4427). 

In  reviewing  data  from  in  vitro  studies,  Sunderman  (4514)  indicated  that  cadmium 
could  replace  zinc  as  a  structural  element  in  the  "finger-loop"  structure  of  some  DNA- 
binding  proteins.  These  proteins  are  involved  in  site-specific  binding  to  double- 
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stranded  DNA  and,  thereby  provide  a  mechanism  for  regulation  of  genetic  transcrip¬ 
tion.  The  replacement  of  zinc  by  cadmium  results  in  aberrations  in  the  structure  and 
function  of  these  finger-loops  that  could  result  in  altered  protein  formation  and 
genotoxicity. 

713.13  Teratogenidty,  Embiyotoxidty  and  Reproductive  Effects 

Perm  and  Carpenter  (4429)  were  the  first  to  demonstrate  cadmium  teratogenicity. 
Following  treatment  of  golden  hamster  females  on  the  8th  day  post-coitum  with  an  i.v 
dose  of  2  mg/kg  cadmium  sulfate,  they  observed  a  high  increase  in  the  rate  of  resorp¬ 
tions  and  malformed  embryos.  The  abnormalities  of  the  face  ranged  from  simple  cleft 
to  complete  obliteration  of  normal  facial  architecture.  There  was  also  anophthalmia, 
exencephaly,  limb  defects,  and  rib  fusion. 

Chernoff  (4430)  found  that  the  subcutaneous  injection  of  12  mg/kg  CdClj  induced 
up  to  50%  fetal  mortality  and  70%  abnormalities  in  rats.  Among  the  abnormalities 
were  micrognathia,  cleft  palate,  club  foot,  and  small  lungs. 

Prigge  (4463)  exposed  rats  to  0.2,  0.4,  or  0.6  mg/m^  cadmium  (compound  not  given 
in  citation)  for  24  hr/day  during  pregnancy  and  observed  decreased  fetal  weight  in  the 
high-dose  group. 

Baranski  (4456)  exposed  rats  to  0.02  or  0.16  mg/m’  of  cadmium  oxide  (5  hours/day, 

5  days/week,  for  5  months  preceding,  and  then  continuing  during  mating  and  gestation). 
Viability  of  the  offspring  of  dams  that  were  exposed  to  0.16  mg  cadmium/m’  before  and 
during  gestation  was  significantly  (P  <  0.05)  r^uced.  Cadmium  exposure  also  resulted 
in  a  significant  (P  <  0.05)  reduction  of  motor  activity  in  3-month-old  male  and  female 
pups  from  the  0.16  mg  cadmium/m’  group  and  in  male  offspring  from  the  0.02  mg 
cadmium/m’  group. 

In  a  second  study,  Baranski  (4457)  exposed  rats  to  0.02,  0.16  or  1.0  mg/m’  of 
cadmium  oxide  (5  hours/day,  5  days/week  for  4-6  months)  preceding  and  during  mating 
and  continuing  through  gestation.  Effects  on  fertility  were  observed  only  at  the  highest 
exposure  concentration,  which  was  directly  toxic  to  the  dam. 

Kutzman  et  al.  (4460)  investigated  the  effects  of  cadmium  chloride  inhalation  in 
rats.  The  rats  were  exposed  to  0,  0.3,  1.0  or  2.0  mg  cadmium/m’  as  cadmium  chloride 
aerosol  for  6  hours/day,  5  days/week  for  62  days.  Reproductive  fitness  was  determined 

6  days  after  final  exposure.  Eight  male  rats  from  each  exposure  chamber  were 
individually  housed  with  two  unexposed  females,  and  eight  female  rats  from  each 
chamber  were  each  caged  with  a  single  unexposed,  proven  male.  It  was  found  that 
concentrations  of  0.3  and  1.0  mg  cadmium/m’  did  not  affect  reproductive  fitness  (viable 
embryos,  early  deaths  [resorptions],  or  preimpiantation  losses)  in  these  rats. 

Sutou  et  al.  (4458)  investigated  the  effects  of  cadmium  on  the  reproductive 
potential  of  Sprague-Dawley  rats.  They  administered  0.1,  1.0.  or  10.0  mg/kg/day 
cadmium  orally  for  6  weeks  to  four  groups  of  rats  (14  males  and  14  females/group). 
Males  and  females  within  each  group  were  mated  6  days/week  for  3  weeks.  Cadmium 
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was  administered  during  the  mating  period.  Pregnant  females  were  administered 
cadmium  during  the  gestation  period  and  killed  on  the  20th  day  of  gestation  for 
examination  of  pups  for  teratogenicity.  It  was  found  that  administration  of  1.0 
mg/kg/day  of  cadmium  for  6  weeks  caused  a  slight  decrease  in  the  number  of  total 
implants  and  live  fetuses,  but  there  was  no  significant  difference  from  the  controls. 
However,  the  10.0  mg/kg  group  showed  a  significant  difference  (P  <  0.01)  from  the 
controls  in  these  parameters. 

Cadmium-induced  ovarian  toxicity  was  reported  by  Rehm  and  Waalkes  (4466)  in 
hamsters,  mice  and  rats  following  a  single  subcutaneous  injection  of  20-47.5  pmol/kg  of 
CdCl2.  The  animals  were  examined  from  24  hr  to  8  weeks  after  treatment.  Syrian 
hamsters  were  the  most  susceptible  to  CdCl2-induced  ovarian  hemorrhagic  necrosis, 
while  only  one  of  four  strains  of  mice  tested  (DBA/2NCr)  showed  significant  ovarian 
hemorrhages,  and  only  at  doses  producing  lethal  liver  toxicity.  In  rats,  there  was  dosc- 
and  age-dependent  toxicity  in  the  ovaries,  uterus,  cervix  and  liver. 

In  vitro  teratogenicity  tests  using  the  Dugesia  regeneration  assay,  the  Hydra 
reaggregation  assay,  and  the  Xenopus  embryo  assay  indicated  cadmium  chloride  not  to 
be  teratogenic  (4521). 

713.1.4  Other  Toxicologic  Efiects 

Several  comprehensive  reviews  of  cadmium  toxicity  are  available  (4411,  4446).  The 
major  toxic  effect  from  increased  body  burden  of  cadmium  is  renal  toxicity.  Other  toxic 
effects  of  cadmium  include,  hepatic  injury,  lung  damage  after  inhalation  exposure, 
altered  immune  response  and  bone  defects  (4426,  4432).  Although  cadmium-induced 
hypertension  has  b^n  reported  in  rodents  (4467),  this  topic  is  very  controversial. 

713.1.4.1  Sboit-tcrm  Toxicologic  EQccU 

Hepatic  effects 

Following  the  kidney,  the  next  highest  tissue  levels  of  cadmium  are  found  in  the 
liver,  after  both  acute  and  chronic  exposure  (4426).  When  exposure  is  to  low  doses  of 
cadmium,  most  of  the  cadmium  in  liver  is  bound  to  metallothionein  (MT),  and  signs  of 
liver  injury  are  not  seen.  However,  higher  doses  of  cadmium  result  in  saturation  of 
MT-binding  capacity,  leading  to  injury  (4426). 

Dudley  et  al.  (4455),  in  a  time  course  study,  injected  rats  i.v.  with  3.9  mg  cadmi¬ 
um/kg  and  found  after  1  hr,  foci  of  parenchymal  cell  swelling  and  increased  percentage 
of  mitotic  figures  in  hepatocytes.  After  4,  6,  8,  and  10  hr  there  were  numerous 
pyknotic  nuclei,  necrotic  hepatocytes,  and  lymphocytic  infiltration.  Other  experiments 
by  these  investigators  showed  that  cadmium-induced  toxicity  was  dose-dependent  (as 
well  as  time-dependent),  and  the  authors  pointed  out  that  the  lethality  in  rats  given 
large  i.v.  doses  may  have  been  caused  by  hepatic  failure. 
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Lung  eficcts 

Martin  and  Witschi  (4505)  showed  that  lung  injury  was  induced  in  male  BALB/c 
mice  exposed  for  one  hour  to  4.9  pg/L  cadmium  chloride  aerosols.  The  lung  injury  was 
asscs.scd  by  measurement  of  hydroxyproHne,  ['^C]-thymidine  incorporation  into  DNA, 
and  histopathology.  It  was  also  shown  that  the  injury  could  be  prolonged  and  augment¬ 
ed  by  the  administration  of  80%  oxygen. 

Renal  effects 


Rehm  and  Waalkcs  (4517)  reported  that  the  hamster  is  uniquely  susceptible  to 
acute  effects  of  cadmium  on  the  kidney  but  that  this  effect  is  not  related  to  high 
concentrations  of  the  test  agent  (cadmium  chloride)  or  low  levels  of  metallothionein  in 
the  kidney  These  cxperimeiits  showed  that  subcutaneous  injection  of  CdCl2  (30  to  50 
pmol/lcg)  resulted  in  renal  lesions  12  to  24  hours  later  (60%  incidence  in  both  sexes). 
No  such  lesions  were  observed  in  rats  and  mice  administered  CdCl2  even  at  lethal 
doses. 

Ocular  effects 

A  study  by  Yoshizuka  ct  al.  (4518)  reported  that  intraperitoneal  injection  of 
cadmium  sulfate  (1.8  mg/kg/day)  to  pregnant  Wistar  rats  on  gestational  days  15  through 
18  resulted  in  corneal  edema  characterized  by  prominent  swelling  of  the  mitochondria 
and  the  (Kcurrence  of  intra-  and  intercellular  vacuoles  in  the  corneal  endothelium. 

This  effect  was  not  observed  in  nonpregnant  rats  receiving  the  same  treatment  or  in 
a)ntrols.  Other  than  the  possible  involvement  of  hormones,  no  explanation  for  this 
effect  was  possible. 

71.3.1.4.2  Subchronic  and  Chronic  Toxicity 

B<ith  the  lung  and  kidney  are  known  target  organs  for  the  toxicity  of  cadmium,  and 
although  renal  toxicity  has  been  observed  following  oral  or  inhalation  exposure, 
pulmonary  toxicity  has  been  detected  only  after  inhalation  exposure  (4507,  4508).  This 
phenomenon  may  be  due,  in  part,  to  the  difference  in  the  toxicokinetics  for  these  two 
exposure  routes.  It  has  been  shown  that  gastrointestinal  absorption  of  cadmium  is  only 
6%  whereas  pulmonary  absorption  may  exceed  95%  of  the  deposited  dose  (4508).  The 
pulmonary  toxicity  of  cadmium  has  been  thoroughly  reviewed  by  Oberdorster  (4508). 

An  age -dependent  accumulation  of  cadmium  in  rats  was  reported  by  Rummler  et 
al.  (4519).  Sister  pairs  of  female  rats  exposed  to  cadmium  chloride  in  the  drinking 
water  (31.5  mg  Cd/L)  for  1,  4,  7,  or  10  months  demonstrated  a  decreased  accumulation 
of  cadmium  and  other  metal  ions  with  increasing  age,  most  likely  attributed  to  a 
decrca.se  in  water  consumption  relative  to  body  weight.  However,  high  levels  of 
cadmium  were  detected  in  cell  nuclei,  a  situation  possibly  resulting  from  the  similarity 
between  Ca*^  and  Cd^*. 
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Hypertension 

Cadmium  was  first  reported  to  cause  hypertension  in  the  1960s,  and  several  studies 
on  the  effects  of  cadmium  on  the  cardiovascular  system  have  since  been  conducted. 
Schroeder  (4515),  in  an  initial  epidemiologic  study,  reported  high  cadmium  levels  in 
hypertensive  individuals.  Further  evidence  of  cadmium-induced  hypertension  was 
provided  by  a  study  reporting  that  cadmium-induccd  hypertension  in  rats  was  reversed 
following  removal  of  the  cadmium  by  a  chelating  agent  (4516).  Balaraman  et  al.  (4467) 
reported  a  significant  (P  <  0.01)  elevation  of  blood  pressure  in  female  albino  rats 
treated  intraperitoneally  for  two  weeks  with  0.5  or  1.0  mg/kg  cadmium  chloride.  Kopp 
et  al.  (4445)  found  that  the  effect  of  cadmium  acetate  on  the  cardiovascular  system  of 
rats  was  dose-dependent.  Cadmium  acetate,  at  concentrations  of  0.01-50  ppm  was 
administered  in  drinking  water  to  Long  Evans  rats  for  18  months.  It  was  found  that 
average  systolic  blood  pressure  increased  at  the  0.5  ppm  (10-20  pg/kg  body  weight/day) 
level,  while  exposures  to  higher  concentrations  of  cadmium  lowered  blood  pressure. 
However,  cadmium-induced  hypertension  in  humans  remains  controversial  because 
hypertension  is  not  prevalent  in  cadmium  poisoning  situations.  Increased  levels  of 
cadmium  have  be.cn  noted  in  persons  dying  of  hypertensive  disease,  but  in  other  groups 
of  humans  who  were  known  to  have  been  exposed  to  cadmium,  the  incidence  of 
hypertension  was  not  above  normal  (4426). 

Immunological  effects 

Studies  on  the  immunological  effects  of  cadmium  in  rats  and  mice  show  that, 
depending  on  the  dose,  cadmium  may  increase  or  decrease  immunological  response  to 
foreign  antigens  (4432).  For  example  Malave  and  De  Ruffino  (4447)  exposed  C57BL/6 
mice  to  50,  200,  or  300  ppm  of  cadmium  as  cadmium  chloride  in  the  drinking  water  for 
3-4  or  9-11  weeks.  They  found  that  exposure  at  50-200  ppm  at  both  time  periods 
increased  the  ability  of  the  animals  to  form  antibodies  to  sheep  red  blood  cells,  while 
300  ppm  exposure  for  9-11  weeks  decreased  the  antibody  response  to  sheep  red  blood 
cells. 

Renal  effects 


The  kidney  is  the  primary  target  organ  of  cadmium  following  oral  or  inhalation 
exposure  (4508),  but  chronic  cadmium  exposure  seldom  leads  to  end-stage  renal  disease 
or  increased  mortality.  The  main  problem  associated  with  renal  cadmium  intoxication  is 
not  the  proteinuria  per  se,  but  rather  the  effect  on  other  tubular  functions  such  as 
mineral  absorption  (4426).  Adverse  effects  on  the  kidneys  have  been  observed  in 
experimental  animals  exposed  to  cadmium  in  their  diet  (4462),  or  in  drinking  water 
(4461). 

In  studies  on  rats,  Wilson  et  al.  (4462)  demonstrated  that  ingestion  of  cadmium  can 
result  in  toxic  effects  on  the  kidneys.  Rats  were  placed  on  diets  containing  0.0031, 
0.0062,  0.0125,  0.025  and  0.05%  cadmium  as  cadmium  chloride  for  100  days.  The  rats 
in  the  two  highest  dose  groups  showed  anatomical  changes  in  the  pancreas,  liver, 
kidney  and  spleen.  The  kidneys  of  animals  in  these  groups  showed  some  swelling  and 
granulation  of  the  epithelium  of  the  convoluted  tubules,  and  formation  of  hyaline  and 
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granular  casts.  There  was  no  detectable  abnormality  in  the  glomeruli.  The  animals 
that  received  0.0125%  cadmium  showed  similar  but  more  marked  changes  in  the 
kidneys  than  those  described  for  the  high-dose  groups,  and  in  animals  receiving 
0.0062%  there  were  less  marked  but  definite  changes.  (The  relatively  slight  changes  in 
animals  receiving  the  largest  doses  can  probably  be  explained  by  the  short  survival  time 
of  the  rats).  The  organs  of  rats  receiving  the  smallest  doses  of  cadmium  were  nearly 
normal.  Tbe  changes  in  the  organs  were  roughly  proportional  to  th**  amounts  of 
cadmium  received  (except  for  animals  in  the  highest  dose  g.  oups). 

Stowe  et  al.  (4461)  studied  the  effects  of  orally  administered  cadmium  as  cadmium 
chloride  (160  ppm  in  ui  inking  water  for  200  days)  in  two  strains  of  rabbits,  Flemish 
Giant  and  New  Zealand  White  (10  males  of  each).  The  cadmium  intake  averaged  14.9 
mg/kg/day  in  the  treated  group  while  the  controls  drank  normal  tap  water.  Growth  of 
both  strains  was  significantly  retarded  (P  <  0.05)  and  both  strains  showed  significantly 
(P  <  0.01)  higher  neutrophi’  enunts  and  lower  lymphocyte  counts  than  the  controls. 
Histological  examination  of  the  kidneys  revealed  extensive  interstitial  fibrosis  and 
coagulation  necrosis  of  the  proximal  tubules. 

Goyer  et  al.  (4465)  studied  cadmium  nephrotoxicity  in  rats  injected  s.c.  with  0.6 
mg/kg/day  CdCl2  for  5  days/week  for  2,  4,  6,  or  8  weeks.  The  earliest  ultrastructural 
changes  occurred  in  treated  animals  in  proximal  cells  after  4  weeks.  After  8  weeks 
there  were  foci  of  proximal  tubular  degeneration  and  regeneration,  small  inflammatory 
cell  infiltrations,  and  bands  of  interstitial  fibrosis. 

Hepatic  effects 

Stowe  et  al.  (4461).  as  mentioned  above,  exposed  rabbits  to  an  average  of  14  mg 
cadmium/kg/day  for  200  days  and  observed  biliary  hyperplasia,  focal  mononuclear 
inflammatory  cells,  and  periportal  fibrosis  in  the  hepatic  parenchyma  of  treated  animals. 

Lung  effects 

Kutzman  et  al.  (4460)  studied  the  effects  of  cadmium  inhalation  in  Fischer-344  rats. 
Twenty  male  rats  were  usea  for  assessing  pulmonary  effects,  eight  males  for  pathology, 
eight  males  and  eight  females  for  reproductive  studies,  and  10  males  for  cytogenetic 
assessments.  The  rats  were  exposed  to  0,  0.3,  1.0  or  2.0  mg  cadmium/m^  as  cadmium 
chloride  aerosol  for  6  hours/day,  5  days/week  for  62  days.  The  volume  median  diame¬ 
ter  (VDM)  in  the  0.3  mg  cadmiunt'm^  chamber  was  0.^  pm  with  a  geometric  standard 
deviation  (o^  of  1.10,  and  the  VDM  in  both  the  1.0  and  2.0  mg  cadmium/m^  chamber 
was  0.73  pm  with  a  of  1.15.  All  the  animals  in  the  2.0-mg  cadmium/m’  chamber 
died  within  the  first  45  exposure  days.  In  both  the  0.3  and  1.0  mg  cadmium/m^  groups, 
adverse  effects  were  centered  around  the  terminal  bronchioles.  The  response  consisted 
of  type  II  cell  hyperplasia  and  infiltration  of  macrophages,  mononuclear  cells  and 
polymorphs  constituting  microgranulomas.  There  was  proliferation  of  fibroblasts  to 
form  foci  of  fibrosis,  and  this  was  more  pronounced  in  the  1  mg  cadmium/m’  group. 
Lesions  related  to  cadmium  exposure  were  not  observed  in  the  other  organs  examined. 
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A  study  hy  Princi  and  Geever  (4459)  showed  no  adverse  effects  of  cadmium  on  the 
lungs  of  dogs  following  inhalation  of  two  dilTerent  cadmium  compounds.  Ten  dogs 
were  exposed  to  cadmium  oxide,  10  to  cadmium  sulfide  and  10  controls  were  exposed 
to  air  in  different  chambers.  The  cadmium  concentrations  varied  between  3  and  7 
mg/m^  with  an  average  concentration  of  4  mg/m^.  The  dogs  were  exposed  for  6 
hours/day,  5  daysAveek  for  1,102  hours  (average)  for  cadmium  oxide  and  895  hours 
(average)  for  cadmium  sulfide.  No  particles  over  5  microns  were  seen,  and  98%  of  the 
particles  were  <  3  microns.  The  hematological  findings  of  the  exposed  dogs  did  not 
vary  to  any  marked  degree  from  those  of  the  controls  after  more  than  12  months  of 
exposure.  The  cadmium  levels  of  the  blood  and  urine  of  the  cadmium  sulfide-exposed 
dogs  were  significantly  lower  than  those  found  in  the  cadmium  oxide-exposed  dogs. 

This  is  consistent  with  the  fact  that  cadmium  oxide  is  much  more  readily  soluble  in 
body  fluids  than  is  cadmium  sulfide,  and  therefore  more  readily  absorbed  (4459). 
Autopsies  of  the  dogs  exposed  to  both  compounds,  at  the  end  of  the  exposure  period, 
revealed  no  tubular  damage  in  the  kidneys,  no  pulmonary  fibrosis  or  emphysema  of  the 
lungs,  and  no  pathologic  changes  in  the  livers. 

713.2  Human  and  Epidemiologic  Studies 

7133.1  Short-term  Toxicologic  Effects 

The  chief  pulmonary  effect  of  cadmium  exposure  is  ccntrilobular  emphj’sema  and 
bronchitis,  resulting  from  several  years  of  occupational  exposure  to  CdO  fumes  and 
dust,  and  cadmium  pigment  dust.  Lung  damage  is  possible  at  CdO  fume  levels  below 
100  pg/m’  of  workplace  air,  depending  on  length  of  exposure.  Bonnell  (4502)  reported 
on  cases  of  emphysema  in  workers  chronically  exposed  to  cadmium  oxide,  while  surveys 
by  Thun  et  al.  (4425)  and  Armstrong  and  Kazantzis  (4503)  show  increased  mortality 
from  respiratory  disease  among  populations  occupationally  exposed  to  cadmium. 

Acute  cadmium  toxicity  may  result  from  inhalation  of  cadmium  dusts  and  fumes 
and  from  ingestion  of  cadmium  salts.  Cadmium  compounds  are  much  less  lethal  when 
swallowed  than  when  inhaled,  mainly  because  they  induce  vomiting,  and  thus  are  not 
retained.  Although  as  little  as  10-20  mg  of  soluble  cadmium  salts  have  produced  severe 
toxic  symptoms  when  ingested,  death  probably  results  from  several  hundred  mg  by  the 
oral  route  (4482).  With  cadmium  inhalation,  an  asymptomatic  period  of  4-8  hr  may 
precede  the  clinical  illness.  The  symptoms  are  as  follows: 

1.  Metallic  taste  in  the  mouth  and  headache; 

2.  Shortness  of  breath,  chest  pain,  cough  with  foamy  or  bloody  sputum. 

3.  Weakness,  leg  pains; 

4.  Intense  pulmonary  edema  possibly  leading  to  death  by  asphyxiation; 

5.  Gradual  resolution  of  pulmonary  edema  (over  a  period  of  a  few  days) 
and  development  of  fever,  with  persistence  of  cough,  chest  pain  and 
dyspnea  for  one  or  more  weeks;  physical  signs  of  pneumonic 
consolidation; 

6.  Late  kidney  and/or  liver  damage  has  followed  respiratory  exposures  in 
industry  (4^2). 
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With  ingestion  of  cadmium  an  asymptomatic  period  of  Vi  to  1  hr  may  precede  the 
clinical  illness.  The  symptoms  are  as  follows: 

1.  Severe  nausea,  vomiting,  diarrhea  and  abdominal  cramps  and  salivation; 

2.  Headache,  muscular  cramps,  vertigo,  and  perhaps  convulsions  (rarely); 

3.  Exhaustion,  collapse,  shock  and  possibly  death,  usually  within  a  period  of 
24  hr; 

4.  The  gradual  evolution  of  signs  and  symptoms  of  liver  and  kidney  damage 
should  be  anticipated  but  are  rarely  seen  in  man  (4482). 


713.2.2  Chronic  Toxicologic  Effects 

The  long-term  low  level  effects  of  cadmium  following  respiratory  or  oral  intake  are 
usually  associated  with  occupational  exposures  (4411).  In  industry,  toxic  fumes 
emanating  from  melting,  pouring,  and  handling  operations  of  cadmium,  mainly  as  the 
oxide,  may  cause  "metal  fume  fever".  Arena  (4448)  describes  chronic  effects  of  inhaled 
cadmium  as  total  or  partial  loss  of  smell,  coughing,  labored  breathing,  depressed 
appetite,  weight  loss,  and  in  many  instances,  a  yellow  staining  of  the  teeth  and  general¬ 
ized  irritability.  Liver,  kidney,  and  hematopoietic  tissue  may  be  involved.  Fatigue, 
dental  caries,  gastrointestinal  upset,  pallor,  and  in  2  of  5  cases,  a  low  level  of  hemoglo¬ 
bin,  were  also  observed  (4411). 

In  some  humans  chronically  exposed  to  high  levels  of  cadmium,  painful  bone 
disorders,  including  osteomalacia,  osteoporosis,  and  spontaneous  bone  fracture  have 
been  observed.  These  symptoms  have  been  most  studied  in  postmenopausal  women  in 
a  cadmium-contaminated  area  of  Japan  where  the  affliction  is  known  as  Itai-Itai 
disease. 

Itai-Itai  (ouch-ouch)  disease  has  been  described  by  Friberg  et  al.,  (4446)  as  an 
"expression  of  chronic  cadmium  poisoning".  In  1%7,  over  20%  of  women  of  50  years 
or  older  living  in  areas  of  high  soil  cadmium  concentration  downstream  of  the  Kamioka 
zinc/cadmium  mine  in  Toyana  Prefecture,  Japan,  were  reported  to  be  suffering  from 
lumbar  and  leg  pains  with  bone  tenderness,  susceptibility  to  multiple  fractures  and 
extreme  skeletal  deformation,  hypochromic  anemia,  increased  levels  of  alkaline 
phosphatase,  reduced  levels  of  serum  phosphate,  proteinuria,  glycosuria,  damage  to  the 
intestinal  mucous  membrane,  and  decreased  ability  to  absorb  fats.  The  causal  factors 
were  thought  to  be  malnutrition  and  the  drinking  of  water  and  eating  of  rice  contami¬ 
nated  with  high  levels  of  cadmium.  Because  of  the  association  with  age  and  malnutri¬ 
tion,  the  symptoms  in  this  population  were  probably  not  caused  by  cadmium  exposure 
alone  (4415)  although  in  the  review  of  Dunnick  and  Fowler  (4432)  it  is  concluded  that 
oral  ingestion  of  cadmium  played  the  most  important  role  in  the  development  of  Itai- 
Itai  disease. 

The  kidney  is  considered  the  main  target  organ  affected  by  chronic  cadmium 
exposure,  and  renal  dysfunction  as  the  critical  effect.  The  renal  dysfunction  is  mani¬ 
fested  in  terms  of  tubular  proteinuria  (with  elevated  excretion  of  the  protein  B-micro- 
globulin),  followed  by  aminoaciduria,  glycosuria,  and  other  signs  of  kidney  damage. 
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Renal  tubular  dysfunction  is  irreversible  once  it  has  proceeded  to  the  point  of  pro¬ 
nounced  proteinuria  (4477).  Friberg  et  al.  (4446)  has  estimated  that  humans  will  not 
experience  kidney  damage  until  the  concentration  of  cadmium  in  the  renal  cortex  ex- 
ce^  200  pg/g. 

In  Lidge,  Belgium,  where  airborne  cadmium  was  associated  with  smelting  opera¬ 
tions,  Lauwerys  and  De  Wals  (4429)  reported  a  prevalence  of  renal  dysfunction  in 
elderly  women  from  the  locality  of  the  smelters  compared  with  women  of  the  same  age 
from  another  industrial  area,  Charleroi,  that  was  much  less  polluted  by  cadmium. 

Mason  (4522)  conducted  a  study  of  workers  having  exposure  (greater  than  one 
year)  to  cadmium  oxide  fumes.  Specifically,  an  evaluation  was  made  of  the  pituitary- 
testicular  endocrine  axis  and  endpoints  of  renal  toxicity.  Based  on  the  measurement  of 
serum  testosterone,  luteinizing  hormone  and  follicular-stimulating  hormone,  no 
significant  differences  were  observed  between  the  reference  group  and  the  cadmium 
oxide-exposed  group.  However,  there  were  highly  significant  differences  in  urinary 
retinol-binding  protein  and  plasma  greatinine  indicating  cadmium-induced  damage  to 
the  renal  tubules.  Additionally,  a  diminished  glomerular  filtration  rate  was  also 
observed  for  the  exposed  workers. 

The  importance  of  cadmium  in  human  hypertension  remains  uncertain.  Above- 
average  concentrations  of  cadmium  has  been  observed  in  persons  dying  of  hypertensive 
disease,  but  on  the  other  hand  in  some  groups  of  humans  who  were  known  to  have 
been  exposed  to  cadmium  the  incidence  of  hypertension  was  not  above  normal  (4426). 

Epidemiological  studies  of  cadmium  relating  to  carcinogenesis  of  the  respiratory 
tract  have  been  summarized  in  tabular  form  by  OberdOrster  (4423).  One  recent  study 
by  Thun  et  al.  (4425),  which  is  an  update  of  Ilmen’s  earlier  study  (4449),  included  602 
workers  who  had  been  employed  at  a  cadmium  production  plant  between  1940  and 
1%9  for  at  least  6  months.  Tlie  vital  status  of  the  workers  was  studied  through  1978. 
The  workers  were  exposed  to  cadmium  oxide  (as  dust  and  fume),  cadmium  sulfate,  and 
cadmium  sulfide.  A  comparison  of  cause-specific  mortality  rates  with  rates  of  a 
modified  life-table  system  developed  by  NIOSH  showed  that  mortality  from  respiratory 
cancer  was  significantly  increased  among  cadmium  workers  employed  for  two  or  more 
years.  This  observation  was  based  on  16  lung  cancer  cases  observed  versus  seven 
expected.  The  authors  also  studied  576  workers  hired  on  or  after  January  1926,  and 
found  that  lung  cancer  mortality  increased  with  increasing  cumulative  exposure.  The 
result  was  significant  for  workers  with  a  cumulative  exposure  of  greater  than  2920  mg- 
days/m^  The  standard  mortality  ratio  for  this  group  was  280.  Confounding  factors, 
such  as  exposure  to  arsenic  and  smoking  habits  of  tnc  workers,  were  taken  into 
account.  This  study  is  the  only  detailed  report  that  suggests  that  inhaled  cadmium  is  a 
human  lung  carcinogen  and  confirms  the  earlier  findings  of  Lemen  et  al.  (4449),  based 
on  a  subgroup  of  the  same  worker  cohort.  An  evaluation  of  the  confounding  factors  by 
the  U.S.EPA  Carcinogen  Assessment  Group  indicated  that  the  assumptions  and 
methods  used  in  accounting  for  them  may  not  be  valid.  Since  the  SMRs  observed  were 
low  and  there  was  a  lack  of  clear  cut  evidence  of  the  cadmium  exposure  only,  the  study 
was  considered  to  supply  only  limited  evidence  of  human  carcinogenicity  (4468). 
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An  excess  lung  cancer  risk  was  reported  in  the  studies  of  Varner  (4469),  Sorahan 
and  Waterhouse  (4470)  and  Armstrong  and  Kazantzis  (4468),  but  these  were  also 
compromised  by  the  presence  of  other  carcinogens  or  by  small  population  size  (4487). 

The  studies  of  Kipling  and  Waterhouse  (4471),  Lemen  et  al.  (4449),  Holden  (4472) 
and  Sorahan  and  Waterhouse  (4470)  concerning  workers  exposed  to  cadmium  dust  or 
fumes,  provided  evidence  of  a  statistically  positive  association  with  prostate  cancer,  but 
the  total  number  of  cases  was  small  in  each  of  these  studies.  The  study  of  Thun  et  al. 
(4425),  described  earlier,  did  not  show  an  excess  risk  of  prostatic  cancer  among  those 
workers,  and  other  authors  have  found  an  increased  risk  of  prostatic  carcinomas  in 
CdO  exposed  workers  only  when  occupational  exposure  was  combined  with  smoking 
(4424). 

In  some  cases  where  lung  cancer  was  reported,  a  high  level  of  cadmium  was 
observed  in  iiver,  kidney,  and  blood  of  the  patients  (4454). 

713.23  Gcnotoxicity 

In  human  and  mammalian  cells  m  vitro  cadmium  produced  chromosomal  aberra¬ 
tions  (4439,  4440). 

Wi'.h  regard  to  the  production  of  chromosomal  aberrations  in  exposed  persons,  the 
eviden^x:  was  conflicting.  O’Riordan  et  al.  (4444)  reported  on  chromosome  studies  in 
peripl.eral  lymphocytes  from  40  men  employed  in  the  manufacture  of  cadmium 
pigments.  The  results  were  compared  with  those  on  13  men  from  the  same  factory 
(not  i-lirectly  subjected  to  cadmium),  and  on  285  persons  not  working  in  the  factory. 
There  were  no  statistically  significant  differences  in  the  incidence  of  chromosomal  or 
chromatid  aberrations  between  the  different  groups.  Bui  et  al.  (4443),  on  examining 
four  Japanese  patients  with  Itai-ltai  disease  did  not  find  conclusive  evidence  of 
chromosomal  damage.  However,  Shiraishi  and  Yosida  (4441)  found  a  dramatic  increase 
in  the  frequencies  of  chromosome  lesions  in  blood  lymphocytes  of  seven  females 
suffering  from  Itai-ltai  disease.  Shiraishi  (4442)  confirmed  these  results  in  a  later 
experiment  with  a  larger  number  of  patients. 

7133  Levels  of  Concern 

OSHA  (4488)  has  established  an  8-hr  TWA  of  0.1  mg/m*  for  cadmium  fumes  and 
0.2  iri4/m*  for  cadmium  dust,  and  ceiling  levels  of  0.3  and  0.6  mg/m*  have  been  set  for 
these  forms,  respectively.  An  8-iir  TLV  of  0.01  mg  cadmium/m*  has  been  recom¬ 
mended  by  ACGIH  (4493).  For  water  exposure  limits  AN  NIPDWR  of  10  pg/L  is 
established,  and  an  MCL  and  MCLG  of  5  pg/L  have  been  established  by  the  U.S.  EPA 
(4523),  and  a  Drinking  Water  Guideline  of  0.005  mg/L  is  indicated  by  the  World 
Health  Organization  (4483).  Drinking  water  concentrations  of  cadmium  indicative  of 
levels  that  would  not  be  anticipated  to  cause  adverse  health  effects  have  been  provided 
by  the  U.S.  EPA  (4491)  and  are:  40  pg/L,  40  pg/L,  and  5  pg/L  for  1-day,  10-days,  and 
longer-term  exposure  for  children;  and  20  pg/L  and  5  pg/L  for  longer-term  and  lifetime 
exposure  for  adults. 
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Ambient  water  quality  criteria  established  by  the  U.S.  EPA  (4490)  for  the  protec¬ 
tion  of  human  health  are  10  pg/L  based  on  ingestion  of  contaminated  drinking  water 
only  and  for  ingestion  of  aquatic  organisms  and  contaminated  drinking  water.  For 
protection  of  freshwater  aquatic  life,  water  concentrations  of  3.9E-03  and  l.lE-03  mg/L 
have  been  established  for  acute  and  chronic  exposure,  respectively.  For  protection  of 
marine  species  these  criteria  are  4.3E-02  and  9.3E-03  mg/L  for  acute  and  chronic 
exposure,  respectively.  A  reportable  quantity  (RQ)  of  1  lb.  for  cadmium  and  10  lbs  for 
cadmium  compounds,  and  an  oral  RfD  of  5E-04  mg/kg/day  (water)  and  lE-03 
mg/kg/day  (fo^)  have  also  been  established  for  cadmium  (4487). 

lARC  (4436)  classifies  cadmium  in  Group  2B  (limited  evidence  for  carcinogenicity 
in  human,  sufficient  evidence  in  animals),  and  the  U.S.  EPA  (4427)  considers  cadmium 
a  B1  carcinogen  (based  on  inhalation  exposure),  indicating  limited  evidence  in  humans 
and  sufficient  evidence  in  animals. 

713.4  Hazard  Assessment 

The  weight  of  evidence  on  the  carcinogenicity  of  cadmium  was  evaluated  by  U.S. 
EPA  who  concluded  that  cadmium  was  a  probable  human  carcinogen  (Group  Bl)  by 
the  inhalation  route  (4426).  This  classification  was  based  on  limited  evidence  of 
carcinogenicity  from  epidemiological  studies  and  sufficient  evidence  of  carcinogenicity 
in  animals.  There  were  not  sufficient  data  to  classify  cadmium  for  carcinogenicity  by  the 
oral  route  (4426). 

U.S.EPA  calculated  the  lung  cancer  risk  associated  with  cadmium  from  two  studies. 
In  the  study  of  Thun  et  al.  (4425)  a  dose -dependent  increase  in  mortality  from 
respiratory  cancer  was  reported  for  males  occupationally  exposed  to  cadmium,  and  in 
the  study  of  Takenaka  et  al.  (4421)  there  was  a  dose-dependent  increase  in  lung  cancer 
frequency  in  rats  exposed  to  CdClj  aerosols.  A  summary  of  lung  cancer  risk  estimates 
from  these  data  is  given  in  Table  71-2. 


Although  the  risk  estimate  based  on  the  animal  data  is  higher  (and  thus  more 
conservative)  than  the  risk  estimate  based  on  the  human  data,  the  Carcinogen  Assess¬ 
ment  Group  considered  the  latter  more  reliable  for  environmentally  exposed  humans. 
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Table  71-Z 

Summaiy  of  Liiqg  C^ooer  Riik  Estimates  Ear  intmiatinn  Ei^xiBure  to  Cadmium 


Parameter 

Rats 

(4421) 

Humans 

(4425) 

Mathematical 

Linearized 

Maximum 

procedure 

multistage 

likelihood 

Unit  risk* 

Point  estimate 

5.5  X  10-^ 

95%  Upper  bound 

9.2  X  10^ 

1.8  X  10’ 

95%  Lower  bound 

1.7  X  10“* 

3.5  X  10  ’ 

Risk-snecific 

Concentration*’ 

Risk  level 

Concentration  fue/m’l 

10-^ 

1.0  X  10’ 

2.9  X  10’ 

10'^ 

1.0  X  10^ 

2.9  X  10’ 

10^ 

1.0  X  10  ’ 

2.9  X  10-^ 

The  risk  associated  with  lifelong  inhalation  exposure  to  1  ng/m^ 

The  concentration  of  cadmium  in  air  associated  with  a  specific  excess  lifetime  risk  of 
lung  cancer  -  calculated  using  the  upper  95%  confidence  limit  from  each  study. 

Source:  U.S.EPA  1985  (4427) 


71.4  SAMPLING  AND  ANALYSIS  CONSIDERATIONS 

Determination  of  cadmium  concentrations  in  soil  and  water  requires  the  collection 
of  a  representative  field  sample  and  the  maintenance  of  proper  storage  conditions  prior 
to  laboratory  analysis.  Samples  for  metal  determinations  should  be  collected  in  either 
glass,  polypropylene  or  teflon  containers.  The  sample  containers  should  have  been 
previously  cleaned  with  the  following  sequence  of  reagents  to  minimize  bottle  contami¬ 
nation:  detergent,  tap  water,  1:1  nitric  acid,  tap  water,  1:1  hydrochloric  acid,  tap  water, 
and  Type  II  water.  Approximately  600  mL  of  aqueous  sample  should  be  collected  to 
ensure  a  final  sample  digestion  volume  of  100  mL.  To  reduce  the  probability  of  metal 
hydrolysis,  metal  adsorption  onto  or  leaching  from  the  sample  container,  or  chemical 
transformation  through  bacterial  metabolism,  the  aqueous  sample  must  be  preserved 
with  the  addition  of  nitric  acid  such  that  the  final  pH  is  less  than  pH  2.  At  least  200 
grams  of  solid  sample  should  be  collected  to  prepare  a  sample  digestion  volume  of  100 
mL.  Usually  no  preservative  procedure  is  required  for  solid  samples  other  than  storage 
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at  4°C  until  sample  analysis.  All  samples  should  be  analyzed  within  180  days  of  sample 
collection.  In  addition  to  the  targeted  samples,  duplicates  and  spiked  matrices  should 
be  included  in  the  analytical  program  to  ascertain  the  reproducibility  and  accuracy  of 
the  analytical  determination  (4510). 

Analytical  methods  available  for  analyzing  inorganic  cadmium  in  water,  soils  and 
waste  include  atomic  absorption  (Methods  213.1  and  213.2)  and  inductively  coupled 
plasma  atomic  emission  spectrometry  (Method  200.7)  techniques.  Depending  upon  the 
analytical  method,  treatment  with  acid  or  a  combination  of  acid  with  hydrogen  peroxide 
is  used  to  digest  the  samples.  Sample  preparation  procedures  specific  to  each  analytical 
technique  are  described  in  Methods  200.0,  and  200.7  for  aqueous  samples  (4510)  and 
Method  3005,  3010,  3020,  3040,  and  3050  for  solid  or  waste  samples.  Quality  control 
samples  should  be  processed  with  the  samples  to  determine  whether  analyte  losses  have 
occurred  during  the  sample  dissolution  procedure  (4511). 

The  atomic  absorption  techniques  are  probably  the  most  common  procedures  for 
determining  the  concentration  of  cadmium  in  water,  soil  and  waste  samples.  Following 
the  appropriate  digestion  of  the  sample,  a  representative  aliquot  of  the  digestate  is 
atomized  by  either  directly  aspirating  it  into  a  flame  or  by  charring  it  in  a  graphite  tube 
furnace.  TTie  absorption  of  hollow  cathode  or  electrod^less  discharge  lamp  radiation  at 
228.8  nm  will  be  proportional  to  the  cadmium  concentration.  The  detection  ranges  are 
0.05-2  mg/L  and  0.5-10  pg/L  for  the  flame  and  the  furnace  atomic  absorption  tech- 
niques,respcctively.  In  a  U.S.  EPA  study,  sample  results  using  the  graphite  furnace 
technique  were  reproducible  to  within  4%  for  water  samples  containing  less  than  10 
pg/L  cadmium.  Recovery  ranged  from  96-99%  in  the  samples.  In  an  interlaboratory 
study  of  six  aqueous  samples,  the  standard  deviation  between  laboratory  results  using 
the  flame  technique  was  23-360%.  The  bias  in  results  compared  to  the  true  values 
ranged  from  -2  to  135%  (4510). 

U.S.  EPA  has  recently  approved  the  use  of  the  inductively  coupled  plasma  (ICP) 
atomic  emission  method  for  determining  compliance  with  existing  National  Primary 
Drinking  Water  Regulations  (4513).  The  technique  is  based  upon  the  simultaneous  or 
sequential  multi-element  measurement  of  atomic  emission  of  trace  metals.  A  preserved 
and/or  digested  sample  is  nebulized  to  form  an  aerosol  that  is  introduced  into  a  high 
temperature  plasma  where  atomic  excitation  occurs.  Characteristic  atomic-line  emission 
spectra  are  produced  by  a  radio-frequency  inductively  coupled  plasma  and  are  dispersed 
by  a  grating  spectrometer.  The  line  intensities,  which  are  a  measurement  of  elemental 
concentrations,  are  monitored  by  photomultiplier  tubes.  Optical  compensation 
techniques  are  used  to  correct  for  spectral  interferences.  In  an  U.S.  EPA  evaluation  of 
the  reproducibility  and  accuracy  of  the  ICP  method,  the  mean  percent  relative  standard 
deviation  for  triplicate  analysis  of  22  elements  was  found  to  be  9%.  The  mean  percent 
recovery  of  spiked  elements  for  all  waste  samples  was  93%  (4510). 


Detection  Limit 

Method 

4  pg/L  (aqueous  &  nonaqueous) 

200.7 

5  pg/L  (aqueous  &  nonaqueous) 

21.3.1 

0.1  pg/L  (aqueous  &  nonaqueous) 

213.2 
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CHROMIXJM  -  ELEMENTAL  CHROMIUM 


72-1 


COMMON  SYNONYMS: 

CAS.  Reg.  No.  7440-47-3 

NIOSHNo.:  GB4200000 

Chromium  metal 

EPA  Hazardous  Waste  No.:  D007 

Chrome 

Chemical  Symbol  Cr 

REACTIVITY  (5400,5401,5402) 


Chromium  metal  is  not  oxidized  by  either  moist  or  dry  air.  It  reacts  with 
hydrochloric,  hydrofluoric,  and  sulfuric  acid,  but  not  with  nitric  acid.  Chromium 
is  attacked  by  caustic  alkalies,  and  molten  lithium  at  180°  C.  Chromium  reacts 
violently  with  ammonium  nitrate,  hydrogen  peroxide,  and  bromine  pentafluoride 


PHYSICO-CHEMICAL  DATA 


•  Atomic  Weight:  51.9%  (5403) 

•  Atomic  Number:  24 

•  Group  and  Valence:  VIb,  0 

•  Stable  Isotopes  (Natural  Abundance,  %):  50,  4.35%;  (5403) 

52,  83.79%; 

53,  9.50%; 

54,  2.36% 

•  Molecular  Weight:  51.9%  (5401) 

•  Physical  State:  Solid,  very  hard  cube  (5401) 

•  Color:  Steel  gray  (5401) 

•  Odor:  ND 

•  Odor  Threshold:  ND 

•  Density:  7.20  g/mL  at  28°C  (5401) 

•  Melting  Point:  1857  ±  20°  C  (5401) 

•  Boiling  Point:  2672°C  (5401) 

•  Flash  Point:  ND 

•  Flammable  Limits:  ND 

•  Autoignition  Temperature:  ND 

•  Vapor  Pressure:  1  mm  Hg  at  1610°C  (5400) 

•  Saturated  Concentration  in  Air:  ND 


72-2  CHROMIUM  -  ELEMENTAL  CHROMIUM 


PHYSICO-CHEMICAL  DATA  (ConL) 


•  Solubility  in  Water:  Insoluble  (5401) 

•  Viscosity:  ND 

•  Surface  Tension:  ND 

•  Log  (Octanol- Water  Partition  Coeff.):  ND 

•  Soil-Water  Distribution  Coeff.:  ND 

•  Henry’s  Law  Constant:  ND 

•  Bioconcentration  Factor:  ND 


AMMONIUM  -  AMMONIUM  CHROMATE 


72-3 


COMMON  SYNONYMS: 

Ammonium  chromate 
Neutral  ammonium 
chromate 


CAS.  Reg.  No.  7788-98-9 

NIOSHNo.:  ND 

EPA  Hazardous  Waste  No.:  ND 


Chemical  Formula: 
(NH4)2Cr04 


REACnVITY  (5404) 


Ammonium  chromate  is  a  powerful  oxidizer.  It  decomposes  when  heated, 
emitting  NH3  and  NO,. 


PHYSICO-CHEMICAL  DATA 


Molecular  Weight:  152.07 
Physical  State:  Solid,  monoclinic,  acicular  crystals 
Color:  Yellow 
Odor:  ND 
Odor  Threshold:  ND 
Density:  1.91  g/mL  at  12®  C 
Melting  Point:  Decomposes  at  180®C 
Boiling  Point:  NA 
Flash  Point:  ND 
Flammable  Limits:  ND 
Autoignition  Temperature:  ND 
Vapor  Pressure:  ND 
Saturated  Concentration  in  Air:  ND 
Solubility  in  Water:  Very  soluble,  40.5  g/100  mL  at 
30®  C,  decomposes  in  hot  water 

Viscosity:  ND 

Surface  Tension:  ND 

Log  (Octanol- Water  Partition  Coeff.):  ND 

Soil- Water  Distribution  Coeff.:  ND 

Henry’s  Law  Constant:  ND 

Bioconcentration  Factor:  ND 


(5401) 

(5401,  5403) 
(5401) 


(5401) 

(5401) 


(5401) 
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CHROMnJM  -  AMMONIUM  DICHROMATE 


COMMON  SYNONYMS: 

Ammonium  dichromate 
Ammonium  bichromate 

CAS.  Reg.  No.  7789-09-5 

NIOSHNo.:  HX7650000 

EPA  Hazardous  Waste  No.:  ND 

Chemical  Formula:  (NH4)2Cr207 

REACTIVITY  (5402,  5404) 


Ammonium  dichromate  is  an  unstable  oxidizer  and  it  reacts  with  reducing  agents. 
Confined  ammonium  chromate  undergoing  thermal  decomposition  will  explode. 


PHYSICO-CHEMICAL  DATA 


Molecular  Weight:  252.06 
Physical  State:  Solid,  monoclinic  prismatic  crystals 
Color:  Bright  orange-red 
Odor:  Odorless 
Odor  Threshold:  ND 
Density:  2.15  g/mL  at  25°  C 
Melting  Point:  Decomposes  at  170° C 
Boiling  Point:  NA 
Flash  Point:  ND 
Flammable  Limits:  Flammable 
Autoignition  Temperature:  190°  C 
Vapor  Pressure:  ND 
Saturated  Concentration  in  Air:  ND 
Solubility  in  Water:  Very  soluble,  30.8  g/100  mL 
at  0°C,  89  g/100  mL  at  30°  C 

Viscosity:  ND 

Surface  Tension:  ND 

Log  (Octanol- Water  Partition  Coeff.):  ND 

Soil-Water  Distribution  Coeff.:  ND 

Henry’s  Law  Constant:  ND 

Bioconcentration  Factor:  ND 


(5401) 

(5403) 

(5403) 

(5403) 

(5401) 

(5401) 


(5403) 

(5402) 


(5401) 


CHROMIUM  -  CALCIUM  CHROMATE 


72 


COMMON  SYNONYMS: 


CAS.RefrNo.  13765-19-0 


Calcium  chromate 
Calcium  chromate(VI) 
Calcium  chrome  yellow 
Calcium  chromium  oxide 
C.I.  77223 

C.I.  Pigment  yellow  33 
Yellow  ultramarine 
Gelbin 


NlOSHNo.:  GB2750000 
EPA  Hazardous  Waste  No.:  U032 


Chemical  Formula:  CaCr04 
(occurs  in  hydrated  forms) 


REACTIVITY  (5404) 


Calcium  chromate  is  a  powerful  oxidizer.  It  burns  violently  if  mixed  with  boron 
and  ignited. 


PHYSICO-CHEMICAL  DATA 


•  Molecular  Weight:  156.09  (5403) 

•  Physical  State:  Solid,  monoclinic  or  rhombic  crystals  (5403) 

•  Color:  Yellow  (5403) 

•  Odor:  ND 

•  Odor  Threshold:  MD 

•  Density:  2.89  g/mL  (5402) 


•  Melting  Point:  ND 

•  Boiling  Point:  ND 

•  Flash  Point:  ND 

•  Flammable  Limits:  ND 

•  Autoignition  Temperature:  ND 

•  Vapor  Pressure:  ND 

•  Saturated  Concentration  in  Air:  ND 

•  Solubility  in  Water:  Sparingly  soluble  (5403) 

•  Viscosity:  ND 

•  Surface  Tension:  ND 

•  Log  (Octanol-Water  Partition  Coeff.):  ND 

•  Soil- Water  Distribution  Coeff.:  ND 

•  Hen.y’s  Law  Constant:  ND 

•  Bioconccntration  Factor:  ND 
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CHROMIUM  -  CHROMIUM  TRI  OXIDE 


COMMON  SYNONYMS: 

Chromium  trioxide 
Chromic  acid,  solid 
Chromium  oxide 
Chromic  anhydride 
Chromic(VI)  acid 


CAS.  Ret  No.  1333-82-0 
NIOSHNo.:  GB6650000 
EPA  Hazardous  Waste  No.:  D007 


Chemical  Formula:  CrO, 


REACTIVITY  (5402,  5403,  5404,  5405) 


Chromium  trioxide  is  a  powerful  oxidizer  of  alcohols  and  numerous  other  organic 
substances.  It  can  react  violently,  resulting  in  explosion  or  combustion  on  con¬ 
tact  with  a  variety  of  organic  and  inorganic  com[munds  with  or  without  heat. 
E^^losions  occur  on  contact  with  compounds  such  as  acetic  acid,  acetic  anhy¬ 
dride,  acetaldehyde,  benzene,  and  dimethyl  ether.  Combustion  occurs  on  contact 
with  acetone,  methanol,  ethanol,  ethylene  glycol,  to  name  a  few.  Violent  reac¬ 
tions  occur  on  contact  with  glycerol,  selenium,  acetylene,  etc.  Chromium  trioxide 
is  incompatible  with  combustible  materials,  such  as,  paper,  wood,  plastics, 
aluminum,  etc. 


PHYSICOCHEMICAL  DATA 


Molecular  Weight:  99.99 

Physical  State:  Solid,  rhombic  crystals, 

flakes,  or  granular  powder 

Color:  Red 
Odor:  Odorless 
Odor  Threshold:  NA 
Density:  2.70  g/mL 
Melting  Point:  196®C 
Boiling  Point:  Decomposes 
Flnih  Point:  ND 
Flammable  Limits:  ND 
Autoignition  Temperature:  ND 
Vapor  Pressure:  ND 
Saturated  Concentration  in  Air:  ND 
Solubility  in  Water:  Veiy  soluble,  61.7  g/100  mL  at 
O'C,  67.45  at  100*C 

Viscosity:  ND 
Surface  Tension:  ND 
Log  (Octanol-Water  Partition  Coeff.):  ND 
Son- Water  Distribution  Coeff.:  ND 
Henry’s  Law  Constant:  ND 
Bioconcentration  Factor:  ND 


5401,  5403) 


(5401) 

(5402) 


(5401) 


-  LEAD  CHROMATE 
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COMMON  SYNONYMS: 

Lead  chromate 
Chrome  yellow 
Paris  yellow 
C.L  Pigment  Yellow  34 
CL  77600 


CAS.  Reg.  No.  7758-97-6 
NIOSHNo.:  GB2975000 
EPA  Hazardous  Waste  No.:  D007 


Chemical  Formula:  Cr04Pb 


REACnVTTY  (5402,  5404) 


Lead  chromate  and  sulfur  mixtures  are  pyrophoric,  and  lead  chromate  and 
tantalum  is  a  pyrotechnic  composition.  Mixing  lead  chromate  and  aluminum 
dinitronaphthalene  is  an  exothermic  reaction  releasing  considerable  energy.  A 
potentially  explosive  reaction  occurs  when  lead  chromate  is  mixed  or  blended 
with  azo  dyes  such  as  dinitroaniline  orange,  and  chlorinated  para  red.  When 
lead  chromate  is  heated  to  decomposition,  toxic  fumes  of  lead  are  released. 


PHYSICO-CHEMICAL  DATA 

•  Molecular  Weight:  323.19 

(5401) 

•  Physical  State:  Solid,  monoclinic  crystals,  or  powder 

(5401,  5403) 

•  Color:  Yellow  or  orange-yellow 

(5401,  5403) 

•  Odor:  ND 

•  Odor  Threshold:  ND 

•  Density:  6.13  mg/mL  at  15®  C 

(5401) 

•  Melting  Point:  844°  C 

(5401) 

•  Boiling  Point:  Decomposes 

(5401) 

•  Flash  Point:  ND 

•  Flammable  Limits:  ND 

•  Autoignition  Temp:  ND 

•  Vapor  Pressure:  ND 

•  Saturated  Concentration  in  Air:  ND 

•  Solubility  in  Water:  Practically  insoluble. 

(5401) 

5.8E-06  g/lOOmL  at  25°  C 

•  Viscosity:  ND 

•  Surface  Tension:  ND 

•  Log  (Octanol- Water  Partition  Coefl):  ND 

•  Soil- Water  Distribution  Coeff.:  ND 

•  Henry’s  Law  Constant:  ND 

•  Bioconcentration  Factor:  ND 
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CHROMIUM  -  LITHIUM  CHROMATE 


COMMON  SYNONYMS: 

Lithiun  chromate 
Lithium  chromate(VI) 
Ammonium  bichromate 
Chromium  lithium  oxide 


CAS.  Reg.  No.  14307-35-8 

NIOSHNo.:  ND 

EPA  Hazardous  Waste  No.:  D007 


Chemical  Formula:  (Li2Cr04) 


REACnVITY  (5404) 

Lithium  chromate  can  cause 
temperatures  above  400*  C. 

a  potentially  explosive  reaction  with  zirconium  at 

PHYSICO-CHEMICAL  DATA 


Molecular  Weight:  129.87 

Physical  State:  Solid,  crystal  powder 

Color:  Yellow 

Odor:  ND 

Odor  Threshold:  ND 

Density:  ND 

Melting  Point:  ND 

Boiling  Point:  ND 

Flash  Point:  ND 

Flammable  Limits:  ND 

Autoignition  Temp:  ND 

Vapor  Pressure:  ND 

Saturated  Concentration  in  Air:  ND 

Solubility  in  Water:  Very  soluble 

Viscosity:  ND 

Surface  Tension:  ND 

Log  (Octanol-Water  Partition  Coeff):  ND 

Soil-Water  Distribution  Coeff.:  ND 

Henry’s  Law  Constant:  ND 

Bioconcentration  Factor:  ND 


(5403) 

(5403) 

(5403) 


(5403) 


-  POTASSIUM  CHROMATE 
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CHROMIUM  -  POTASSIUM  DICHROMATE 


COMMON  SYNONYMS: 

Potassium  dichromate 
Potassium  bichromate 
Potassium  dichromate(VI) 
Bichromate  of  potash 
lopezite 


CAS.  Reg.  No.  7778-50-9 
NIOSHNo.:  HX7680000 
EPA  Hazardous  Waste  No.:  ND 


Chemical  Formula:  K2Cr207 


REACTIVITY  (5402,  5404) 


Potassium  dichromate  is  a  powerful  oxidizer.  It  causes  violent  reactions 
(explosion  or  combustion)  on  contact  with  a  variety  of  inorganic  and  organic 
substances,  such  as  hydrazine,  hydroxylamine,  acetone  plus  sulfuric  acid,  ethylene 
glycol,  boron  plus  silicon,  and  iron.  Potassium  dichromate  readily  ignites 
combustible  materials,  such  as  paper,  wood,  plastics,  aluminum,  etc. 


PHYSICO-CHEMICAL  DATA 


Molecular  Weight:  294.18  (5401) 

Physical  State:  Solid,  monoclinic  or  triclinic  crystals  (5401) 

Color:  Red  (5401) 

Odor:  Odorless  (5402) 

Odor  Threshold:  NA 

Density:  2.676  g/mL  at  25*0  compared  with  water  at  4°C  (5401) 

Melting  Point:  398“  C  (5401) 

Boiling  Point:  Decomposes  as  500“  C  (5401) 

Flash  Point:  ND 
Flammable  Limits:  ND 
Autoignition  Temperature:  ND 


CHROMIUM  -  POTASSIUM  DICHROMATE 


72-11 


PHYSICO-CHEMICAL  DATA  (Coot) 


•  Vapor  Pressure:  ND 

•  Saturated  Concentration  in  Air:  ND 

•  Solubility  in  Water:  Soluble,  4.9  g/100  mL  at  O'*  C,  (5401) 

102  g/100  mL  at  100“  C 

•  Viscosity:  ND 

•  Surface  Tension:  ND 

•  Log  (Octanol-Water  Partition  Coeff.):  ND 

•  Soil- Water  Distribution  Coeff.:  ND 

•  Henry’s  Law  Constant:  ND 

•  Bioconcentration  Factor:  ND 


72-12 


CHROMIUM  -  STRONTIUM  CHROMATE 


COMMON  SYNONYMS: 

Strontium  chromate 
Strontium  chromate(VI) 
Chromic  acid,  strontium 
salt 

C.I.  Pigment  yellow  33 
Strontium  yellow 
Deep  lemon  yellow 


CAS.  Reg.  Na  7789-06-2 
NIOSHNo.:  GB3240000 
EPA  Hazardous  Waste  No.:  NA 


Chemical  Formula:  SrCr04 


REACTIVITY  (5402) 


No  specific  data  for  strontium  chromate.  Chromates  react  explosively  with 
hydrazine  and  are  incompatible  with  many  organics,  oxidizable,  and  combustible 
materials. 


PHYSICO-CHEMICAL  DATA 


Molecular  Weight:  203.61 

Physical  State:  Solid,  monoclinic  crystals 

Color:  Yellow 

Odor:  ND 

Odor  Threshold:  ND 

Density:  3.895  g/mL  at  15®  C 

Melting  Point:  ND 

Boiling  Point:  ND 

Flash  Point:  ND 

Flammable  Limits:  ND 

Autoignition  Temperature:  ND 


(5401) 

(5401) 

(5401) 


(5401) 


CHROMIUM  —  STRONTIUM  CHROMATE  72-13 


PHYSICO-CHEMICAL  DATA  (ConL) 


•  Vapor  Pressure:  ND 

•  Saturated  Concentration  in  Air:  ND 

•  Solubility  in  Water:  Low  solubility,  0.12  g/100  mL  at  15°  C,  (5401) 

3  g/100  mL  at  100  °C 

•  Viscosity:  ND 

•  Surface  Tension:  ND 

•  Log  (Octanol-Water  Partition  Coeff.):  ND 

•  Soil- Water  Distribution  Coeff.:  ND 

•  Henry’s  Law  Constant:  ND 

•  Bioconcentration  Factor:  ND 
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CHROMIUM  -  ZINC  CHROMATE 


COMMON  SYNONYMS: 

Zinc  chromate 
Chromic  acid,  zinc  salt 
Basic  zinc  chromate 
Zinc  chromate(VI) 
hydroxide 
Zinc  yellow 
Zinc  chrome 
(anticorrosion) 

Buttercup  yellow 
C.I.  Pigment  Yellow  36 
C.I.  77955 


CAS.  Reg.  No.  13530-65-9 
NIOSHNo.:  GB3290000 
EPA  Hazardous  Waste  No.:  D007 


Chemical  Formula:  Approx.  ZnCrH204 


REACTIVITY  (5402) 


Zinc  chromate  may  be  incompatible  with  combustible,  organic,  or  other 
oxidizable  materials 


PHYSICOXMMICAL  DATA 


Molecular  Weight:  183.39 

Physical  State:  Solid 

Color:  Yellow 

Odor:  Odorless 

Odor  Threshold:  ND 

Density:  3.40 

Melting  Point:  ND 

Boiling  Point:  ND 

Flash  Point:  ND 

Flammable  Limits:  ND 

Autoignition  Temperature:  ND 

Vapor  Pressure:  ND 

Saturated  Concentration  in  Air:  ND 

Solubility  in  Water:  Insoluble  in  cold  water 

Viscosity:  ND 

Surface  Tension:  ND 

Log  (Octanol-Water  Partition  Coeff.):  ND 

Soil- Water  Distribution  Coeff.:  ND 

Henry’s  Law  Constant:  ND 

Bioconcentration  Factor:  ND 


(5404) 

(5402) 

(5402) 

(5402) 

(5402) 


(5402) 


CHROMIUM  -  CHROMIC  ACETATE 


72-15 


COMMON  SYNONYMS: 

Chromic  acetate 
Chromic  acetate(III) 
Chromium  acetate 
Chromium  triacetate 


CAS.  Reg.  No.  1066-30-4 
NIOSHNo.:  AG2975000 
EPA  Hazardous  Waste  No.:  ND 


Chemica]  Formula:  Cr(CH3COO)3 
(occurs  in  hydrated  forms) 


REACTIVITY  (5402) 


Chromic  acetate  emits  acrid  smoke  and  irritating  fumes  when  heated. 


PHYSICO-CHEMICAL  DATA 


Molecular  Weight:  229.14 

Physical  State:  Solid,  powder,  plates, 

or  needles  depending  on  hydration 
Color:  Gray-green,  violet,  blue-violet 
depending  on  hydration 
Odor:  NT) 

Odor  Threshold:  ND 

Density:  ND 

Melting  Point:  ND 

Boiling  Point:  ND 

Flash  Point:  ND 

Flammable  Limits:  ND 

Autoignition  Temperature:  ND 

Vapor  Pressure:  ND 

Saturated  Concentration  in  Air:  ND 

Solubility  in  Water:  Monohydrate  is  slightly  soluble 

and  hexahydrate  is  readily  soluble 

Viscosity:  ND 

Surface  Tension:  ND 

Log  (Octanol- Water  Partition  Coeff.):  ND 

Soil- Water  Distribution  Coeff.:  ND 

Henry’s  Law  Constant:  ND 

Bioconcentration  Factor:  ND 


(5402) 

(5403) 

(5403) 


(5403) 
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CHROMIUM  -  CHROMIC  CHLORIDE 


COMMON  SYNONYMS: 

Chromic  chloride 
Chromium  chloride 
Chromium(III)chioride 
Chromium  trichloride 
Puratronic  chromium 
chloride 
Cl.  77295 


CAS.  Reg.  No.  10025-73-7 
NIOSHNo.:  GB5425000 
EPA  Hazardous  Waste  No.:  ND 


Chemical  Formula:  CrClj 
(occurs  in  hydrated  form) 


REACTIVITY  (5402,  5404) 


Chromic  chloride  is  extremely  unstable.  It  reacts  violently  with  lithium  in  a 
nitrogen  atmosphere.  Chromic  chloride  emits  toxic  fumes  of  Cl'  when  heated 


PHYSICO-CHEMICAL  DATA 


Molecular  Weight:  158.36 

Physical  State:  Solid,  hexagonal  crystalline  scales 

Color:  Violet 

Odor:  ND 

Odor  Threshold:  ND 

Density:  2.76  at  15®  C 

Melting  Point:  « 1 1 50®  C 

Boiling  Point:  Sublimates  at  1300®C 

Flash  Point:  ND 

Flammable  Limits:  ND 

Autoignition  Temperature:  ND 

Vapor  Pressure:  ND 

Saturated  Concentration  in  Air:  ND 

Solubility  in  Water:  Insoluble  in  cold  water, 

slightly  soluble  in  hot  water 

Viscosity:  ND 

Surface  Tension:  ND 

Log  (Octanol- Wafer  Partition  Coeff.):  ND 

Soil-Water  Distribution  Coeff.:  ND 

Henry’s  Law  Constant:  ND 

Bioconcentration  Factor:  ND 


(5401) 

(5403) 

(5403) 


(5401) 

(5401) 

(5401) 


(5401) 


CHROMIUM  -  CHROMIC  SULFATE 
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COMMON  SYNONYMS: 

Chromic  sulfate 
Chromium  sulfate 
Chromium(III)  sulfate 
CL  77305 


CAS.  Reg.  No.  10101-53-8 
NIOSHNo.:  GB7200000 
EPA  Hazardous  Waste  No.:  D007 


Chemical  Formula:  Cr2(S04)3 
(occurs  in  hydrated  forms) 


REACnVTTY  (5402) 


Insoluble  chromium  salts  are  potentially  incompatible  with  strong  oxidizers 


PHYSICO-CHEMICAL  DATA 


Molecular  Weight:  392.20, 

Physical  State:  Solid 

Color:  Peach 

Odor:  ND 

Odor  Threshold:  ND 

Density:  3.012  g/mL 

Melting  Point:  ND 

Boiling  Point:  ND 

Flash  Point:  ND 

Flammable  Limits:  ND 

Autoignition  Temperature:  ND 

Vapor  Pressure:  ND 

Saturated  Concentration  in  Air:  ND 

Solubility  in  Water:  Practically  insoluble 

Viscosity:  ND 

Surface  Tension:  ND 

Log  (Octanol- Water  Partition  Coeff.):  ND 

Soil-Water  Distribution  Coeff.:  ND 

Henry’s  Law  Constant:  ND 

Bioconcentration  Factor:  ND 


(5403) 

(5403) 

(5403) 


(5403) 


(5403) 
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CHROMIUM  -  CHROMOUS  CHLORIDE 


COMMON  SYNONYMS: 

Chromous  chloride 
Chromium  dichloride 
Chromium(II)chloride 


CAS.  Reg.  No.  10049-05-5 
NIOSH  No.: 

EPA  Hazardous  Waste  No.: 


Chemical  Formula:  CrCl2 
(occurs  in  hydrated  forms) 


REACnVITY  (54(X2,5403) 


Chromous  chloride  [Cr(II)]  is  a  powerful  reducing  agent;  it  is  rapidly  oxidized  to 
Cr(III)  in  moist  air.  A  potentially  hazardous  incompatibility  exists  with  water. 


PHYSICO-CHEMICAL  DATA 


Molecular  Weight:  122.90 
Physical  State:  Solid,  needles 
Color:  White 
Odor:  Odorless 
Odor  Threshold:  ND 
Density:  2.878  g/mL  at  25°  C 
Melting  Point:  824°  C 
Boiling  Point:  1300 
Flash  Point:  ND 
Flammable  Limits:  ND 
Autoignition  Temperature:  ND 
Vapor  Pressure:  Essentially  zero,  except  water  of 
crystallization 

Saturated  Concentration  in  Air:  ND 

Solubility  in  Water:  Very  soluble  in  cold  and  hot  water 

Viscosity:  ND 

Surface  Tension:  ND 

Log  (Octanol-Water  Partition  Coeff.):  ND 

Soil-Water  Distribution  Coeff.:  ND 

Henry’s  Law  Constant:  ND 

Bioconcentration  Factor:  ND 


(5401) 

(5401) 

(5401) 

(5403) 

(5401) 

(5401) 

(5402) 


(5402) 


(5401) 
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HANDLING  PRECAUTIONS  (5406) 


CHROMIC  ACID  AND  CHROMATES  (Chromium  VI  compounds: 
ammonium  chromate,  ammonium  dichromate,  calcium  chromate,  chromium 
trioxide,  lithium  chromate,  potassium  chromate,  potassium  dichromate,  strontium 
chromate,  zinc  chromate,  lead  chromate) 

Carcinogenic  chromium  VI  compounds:  According  to  NIOSH  (5406)  these 
compounds  include  any  and  all  chromium  VI  compounds  not  listed  below  as 
noncarcinogenic.  EPA  (5407,  5408)  did  not  label  chromium  VI  compounds  as 
carcinogenic  or  noncarcinogenic: 

*  At  any  detectable  concentration:  any  self-contained  breathing  apparatus  with  a 
full  facepiece  and  operated  in  a  pressure-demand  or  other  positive  pressure 
mode,  or  any  supplied-air  respirator  with  a  full  facepiece  and  operated  in 
pressure-demand  or  other  positive  pressure  mode  in  combination  with  an 
auxiliary  self-contained  breathing  apparatus  operated  in  pressure -demand  or 
other  positive  pressure  mode  *  Protective  clothing,  gloves,  face  shields  to 
prevent  contact  with  skin  *  Dust-  and  splash-proof  safety  goggles  to  prevent 
contact  with  eyes. 

Noncarcinogenic  chromium  VI  compounds  (According  to  NIOSH  (5406), 
noncarcinogenic  chromium  VI  compounds  are  monochromates  and  dichromates 
of  hydrogen,  lithium,  sodium,  potassium,  rubidium,  cesium  and  ammonia  and 
chromium  (Vl)oxide  (chromium  trioxide). 

*  0.25  mg/m*:  any  supplied-air  respirator,  any  self-contained  breathing  apparatus, 
or  any  dust  and  mist  respirator  except  single-use  and  quarter-mask  respirators  * 
0.625  mg/m*:  any  powered  air-purifying  respirator  with  a  tight-fitting  facepiece 
and  a  high-efficiency  particulate  filter  or  any  supplied-air  respirator  operated  in  a 
continuous  flow  mode  *  1.25  mg/m*:  Any  air-purifying  full  facepiece  respirator 
with  a  high-efficiency  particulate  filter  and  acid  gas  cartridge(s),  any  powered  air- 
purifying  respirator  with  a  tight-fitting  facepiece  and  a  high-efficiency  particulate 
filter,  any  self-contained  breathing  apparatus  with  a  full  facepiece,  or  any 
supplied-air  respirator  with  a  full  facepiece  *  25  mg/m*:  any  supplied-air 
respirator  with  a  half-mask  and  operated  in  a  pressure-demand  or  other  positive 
pressure  mode  *  50  mg/m*:  any  supplied-air  respirator  with  a  full  facepiece  and 
operated  in  a  pressure-demand  or  other  positive  pressure  mode  *  unknown  or 
IDLH  cone.:  any  self-contained  breathing  apparatus  with  full  facepiece  and 
operated  in  a  pressure-demand  or  other  positive  pressure  mode  or  any  supplied- 
air  respirator  with  a  full  facepiece  and  operated  in  pressure-demand  or  other 
positive  pressure  mode  in  combination  with  an  auxiliary  self-contained  breathing 
apparatus  operated  in  pressure-demand  or  other  positive  pressure  mode  * 

^ape:  any  air-purifying  full  facepiece  respirator  with  a  high-efficicncy 
particulate  filter  and  acid  gas  cartridgc(s)  or  any  appropriate  escape-type  self- 
contained  breathing  apparatus  *  Protective  clothing,  gloves,  face  shields  to 
prevent  contact  with  skin  *  Dust-  and  splash-proof  safety  goggles  to  prevent 
contact  with  eyes. 
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CHROMIUM 


HANDLING  PRECAUTIONS  (ConL) 


CHROMIUM  METAL  AND  INSOLUBLE  SALTS  (chromium;  lead  chromate 
is  totally  insoluble  but  is  also  listed  as  a  chromium  VI  compound): 

*  2.5  mg/m^:  any  dust  and  mist  respirator  except  single-use  respirators  *  5 
mg/m^:  any  dust  and  mist  respirator  except  single-use  and  quarter-mask 
respirators,  any  supplied-air  respirator,  or  any  self-contained  breathing  apparatus 

*  12.5  mg/m^:  any  powered  air-purifying  respirator  with  a  dust  and  mist  filter  or 
any  supplied-air  respirator  operated  in  a  continuous  flow  mode  *  25  mg/m’:  any 
air-purifying  full  facepiece  respirator  with  a  high-efficiency  particulate  filter  and 
acid  gas  cartridge(s),  any  powered  air-purifying  respirator  with  a  high -efficiency 
particulate  filter,  any  self-contained  breathing  apparatus  with  a  full  facepiece,  or 
any  supplied-air  respirator  with  a  full  facepiece  *  500  mg/m’:  any  self-contained 
breathing  apparatus  with  full  facepiece  and  operated  in  a  pressure-demand  or 
other  positive  pressure  mode  *  Unknown  or  IDLH  cone.:  any  self-contained 
breathing  apparatus  with  full  facepiece  and  operated  in  a  pressure-demand  or 
other  positive  pressure  mode  or  any  supplied-air  respirator  with  a  full  facepiece 
and  operated  in  pressure-demand  or  other  positive  pressure  mode  in 
combination  with  an  auxiliary  self-contained  breathing  apparatus  operated  in 
pressure-demand  or  other  positive  pressure  mode  *  Escape:  any  air-purifying 
full  facepiece  respirator  with  a  high-efficiency  particulate  filter  and  acid  gas 
cartridge(s)  or  any  appropriate  escape-type  self-contained  breathing  apparatus  * 
Protective  clothing,  gloves,  face  shields  to  prevent  contact  with  skin  *  Dust-  and 
splash-proof  safety  goggles  to  prevent  contact  with  eyes. 


CHROMIUM 
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HANDLING  PRECAUTIONS  (Cont) 


SOLUBLE  CHROMIC  AND  CHROMOUS  SALTS  (chromic  acetate,  chromic 
chloride,  chromic  sulfate,  chromous  chloride): 

•  2.5  mg/m*:  any  dust  and  mist  respirator  except  single-use  respirators  *  5 
mg/m*:  any  dust  and  mist  respirator  except  single-use  and  quarter-mask 
respirators,  any  supplied-air  respirator,  or  any  self-contained  breathing  apparatus 

*  12.5  mg/m*:  any  powered  air-purifying  respirator  with  a  dust  and  mist  filter  or 
any  supplied-air  respirator  operated  in  a  continuous  flow  mode  •  25  mg/m*:  any 
air-purifying  full  facepiece  respirator  with  a  high-efficiency  particulate  filter  and 
acid  gas  cartridge(s),  any  powered  air-purifying  respirator  with  a  high-efficiency 
particulate  filter,  any  self-contained  breathing  apparatus  with  a  full  facepiece,  or 
any  supplied-air  respirator  with  a  full  facepiece  *  250  mg/m*:  any  self-contained 
breathing  apparatus  with  full  facepiece  and  operated  in  a  pressure -demand  or 
other  positive  pressure  mode  *  Unknown  or  IDLH  cone.:  any  self-contained 
breathing  apparatus  with  full  facepiece  and  operated  in  a  pressure-demand  or 
other  positive  pressure  mode  or  any  supplied-air  respirator  with  a  full  facepiece 
and  operated  in  pressure-demand  or  other  positive  pressure  mode  in 
combination  with  an  auxiliary  self-contained  breathing  apparatus  operated  in 
pressure-demand  or  other  positive  pressure  mode  *  Escape:  any  air-purifying 
f^ull  facepiece  respirator  with  a  high-efficiency  particulate  filter  and  acid  gas 
cartridge(s)  or  any  appropriate  escape-type  selficontained  breathing  apparatus  * 
Protective  clothing,  gloves,  face  shields  to  prevent  contact  with  skin  *  Dust-  and 
splash-proof  safety  goggles  to  prevent  contact  with  eyes. 
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CHROMIUM 


PERSISTENCE  IN  THE  SOH^WATER  SYSTEM 


The  environmental  fate  of  chromium  is  influenced  primarily  by  sorption  in  soils 
and  sediments  and  by  precipitation  and  speciation  in  natural  waters.  Hexavalent 
chromium  is  generally  soluble  and  mobile  in  soil  and  natural  waters,  while 
trivalent  chromium  readily  precipitates  with  carbonates,  hydroxides,  and  sulfides 
to  form  insoluble,  generally  immobile  compounds.  In  the  soil  and  aquatic 
environments,  chromium  is  expected  to  persist  for  several  years. 


PATHWAYS  OF  EXPOSURE 


The  major  routes  of  exposure  to  chromium  are  food  intake  for  the  general 
population  (dietary  intake  of  up  to  60  pg/day  has  been  reported)  and  inhalation 
for  workers  in  the  chromium  industry  [airborne  Cr(VI)]  concentrations  of  up  to 
1000  pg/m^  have  been  reported. 


CHROMIUM 
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HEALTH  HAZARD  DATA 


Signs  and  Symptoms  of  Short-term  Human  Exrx^sure: 

Inhalation:  Cr(VI)  compounds:  Various  types  of  upper  respiratory  effects 
(including  runny  or  stuffy  nose,  nosebleed,  phlegm,  cough,  laryngitis,  and  effects 
on  the  nasal  septum  ranging  from  mild  irritation  to  ulcerations  to  frank 
perforations. 

Oral:  Chromium  trioxide  and  other  Cr(VI)  compounds:  Ulceration  of  the 
gastrointestinal  tract,  renal  failure,  anemia,  respiratory  difficulty,  tachycardia, 
hepatic  failure,  CNS  effects. 

Dermal:  Cr(VI)  compounds:  Skin  dermatitis  and  ulcerations  (chrome  holes). 


Acute  Toxicity  Studies: 
Inhalation: 


LC50: 

5  mg/m^ 

(zinc  chromate) 

Human 

(5404) 

LC50: 

94  mg/m^ 

(potassium  dichromate) 

Rat 

(5404) 

LC50: 

158  mg/m^;  4  hr 

(ammonium  dichromate) 

Rat 

(5409) 

LC50: 

31.5  mg/m^  2  hr 

(chromic  chloride) 

Mouse 

(5404) 

TClo: 

0.11  mg/m^ 

(chromium  trioxide) 

Hamster 

(5404) 

Oral: 


LDl„: 

71  mg/kg 

(chromium) 

Human 

(5404) 

LD50: 

54  mg/kg 

(ammonium  dichromate) 

Rat 

(5409) 

LD50: 

80  mg/kg 

(chromium  trioxide) 

Rat 

(5404) 

LD50: 

11.26  g/kg 

(chromic  acetate) 

Rat 

(5411) 

LD50: 

1.87  g/kg 

(chromous  chloride) 

Rat 

(5411) 

LD50: 

57  mg/kg 

(potassium  dichromate) 

Rat 

(5409) 

LD50: 

3118  mg/kg 

(strontium  chromate) 

Rat 

(5404) 

LD50: 

127  mg/kg 

(chromium  trioxide) 

Mouse 

(5404) 

LD50: 

12  g/kg 

(lead  chromate) 

Mouse 

(5404) 

LD50: 

180  mg/kg 

(potassium  chromate) 

Mouse 

(5410) 

LDso- 

300  mg/kg 

(potassium  chromate) 

Mouse 

(5410) 

TDlo: 

1600  mg/kg 

(potassium  chromate) 

Mouse 

(5404) 

LD30: 

190  mg/kg 

(potassium  dichromate) 

Mouse 

(5404) 

LDlo: 

163  mg/kg 

(potassium  dichromate) 

Guinea  Pig  (5404) 

LDu.: 

2829  mg/kg 

(potassium  dichromate) 

Dog 

(5404) 
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CHROMIUM 


HEALTH  HAZARD  DATA  (ConL) 


Dermal: 

LDlq: 

2g/kg 

(chromic  chloride) 

Rat 

(5404) 

LDso- 

1.64  g/kg 

(ammonium  dichromate) 

Rabbit 

(5409) 

LD50" 

1.17  g/kg 

(potassium  dichromate) 

Rabbit 

(5409) 

LD^: 

1  g/kg 

(chromic  chloride) 

Rabbit 

(5404) 

LDl„: 

202  mg/kg 

(chromic  chloride) 

Guinea  pig 

(5404) 

Long-Term  Effects: 

Inhalation: 

Calcium  chromate:  Causes  respiratory  irritation  and  inflammation 
Potassium  dichromate:  Causes  respiratory  irritation  and  inflammation 
Chromium,  ammonium  chromate,  ammonium  dichromate,  chromic  acetate, 
chromic  chloride,  chromic  sulfate,  chromium  trioxide,  chromous  chloride,  lead 
chromate,  lithium  chromate,  potassium  chromate,  strontium  chromate,  zinc 
chromate:  ND 

Oral: 

Long-term  effects  due  to  oral  exposure  to  any  chromium  compound  have  not 
been  reported. 


Pregnancy/Nconate  Data: 

Chromium  trioxide:  Teratogenic  and  fetotoxic  in  hamsters  by  parenteral  routes 
Chromic  chloride:  Teratogenic  and  fetotoxic  in  hamsters  by  parenteral  routes 
Chromium,  ammonium  chromate,  ammonium  dichromate,  calcium  chromate, 
chromic  acetate,  chromic  sulfate,  chromous  chloride,  lead  chromate,  lithium 
chromate,  potassium  chromate,  potassium  dichromate,  strontium  chromate,  zinc 
chromate:  ND 


CHROMIUM 
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HEALTH  HAZARD  DATA  (ConL) 


Geiiot<»dcity  Data: 


Chromium: 

Ammonium  chromate: 
Ammonium  dichromate: 
Calcium  chromate: 
Chromic  acetate: 

Chromic  chloride: 

Chromic  sulfate: 

Chromium  trioxide: 
Lead  chromate: 

Potassium  chromate: 

Potassium  dichromate: 

Strontium  chromate: 

Zinc  chromate: 

Lithium  chromate, 
chromous  chloride: 


No  data  for  mutagenicity;  limited  evidence  for  in  vivo 
clastogenicity 

Sufficient  evidence  for  mutagenicity  and  clastogenicity 

Sufficient  evidence  for  mutagenicity  and  clastogenicity 

Sufficient  evidence  for  mutagenicity  and  clastogenicity 

Negative  evidence  for  mutagenicity;  limited  or 
conflicting  evidence  for  clastogenicity 

Negative  evidence  for  mutagenicity;  limited  or 
conflicting  evidence  for  clastogenicity 

Negative  evidence  for  mutagenicity;  limited  or 
conflicting  evidence  for  clastogenicity 

Sufficient  evidence  for  mutagenicity  and  clastogenicity 

No  data  for  genotoxicity;  inadequate  data  for 
clastogenicity 

Sufficient  evidence  for  mutagenicity  and  clastogenicity 

Sufficient  evidence  for  mutagenicity  and  clastogenicity 

Sufficient  evidence  for  mutagenicity  and  clastogenicity 

No  data  for  mutagenicity;  inadequate  data  for 
clastogenicity 

ND 
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CHROMIUM 


HEALTH  HAZARD  DATA  (ConL) 

Caicinogenicity  Qassification: 

lARC  - 

Group  1  (carcinogenic  for  humans)  for  chromium  VI  compounds; 

Group  3  (not  classifiable  as  to  its  carcinogenicity  to  humans)  for 
chromium  III  compounds  and  chromium  metal  (5412). 

NTP  — 

No  data 

EPA  - 

Group  A  (carcinogenic  to  humans)  by  the  inhalation  route  for 
chromium  VI  compounds;  Chromium  III  and  II  compounds  have 
not  been  evaluated;  data  are  not  available  for  evaluating  the 
carcinogenicity  of  chromium  by  the  oral  route  (5408) 

CHROMIUM 
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ENVIRONMENTAL  AND  OCCUPATIONAL  STANDARDS 
AND  CRITERIA 


AIR  EXPOSURE  LIMITS: 

Standards 

•  OSHA  TWA  (8-hr  TWA):  Chromium  metal:  1  mg/m^  (as  Cr) 

Chromium  II  compounds:  0.5  mg/m^ 

(as  Cr) 

Chromium  III  compounds:  0.5  mg/m^ 

(as  Cr) 

•  OSHA  (ceiling)  Chromic  acid  and  chromates:  0.1  ppm 

(as  CrOj) 

•  STEL  (15-min):  ND 

•  AFOSH  PEL:  (8-hr  TWA)  Chromium  metal:  1  mg/m^  (as  Cr) 

Chromium  II  compounds:  0.5  mg/m^; 
Chromium  III  compounds:  0.5  mg/m\ 

•  AFOSH  PEL:  (15-min  ceiling):  Chromic  acid  and  chromates:  0.1  ppm 

(as  CrOj) 

Criteria 

•  NIOSH  IDLH  (30-min):  Chromium  metal  and  insoluble  salts: 

500  m^m’  (as  Cr) 

Chromic  acid  and  chromates: 

30  mg/m^  (as  CrOj) 

Soluble  chromic  and  chromous  salts: 

250  mg/m*  (as  Cr) 

•  NIOSH  REL  (10-hr  TWA): 

Carcinogenic  chromium  VI  [any  and  all  chromium  (VI)  materials  not  included 
in  the  noncarcinogenic  group  below]:  1  |ig/m* 

Noncarcinogenic  Chromium  VI  [monochromates  and  dichromates  of 
hydrogen,  lithium,  sodium,  potassium,  rubidium,  cesium,  and  ammonium  and 
chromium  (VT)  oxide]:  25  pg/m* 
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ENVIRONMENTAL  AND  OCCUPATIONAL  STANDARDS 
AND  CRITERIA  (CbnL) 


•  NIOSH  STEL  (15-min  ceiling):  Noncarcinogenic  chromium  (VI):  50  jig/m^ 


•  ACGIH  TLV  (8-hr  TWA): 


•  ACGIH  STEL  (15-min): 


Chromium  metal:  0.5  mg/m* 

Chromium  II  compounds:  0.5  mg/m* 

(as  Cr) 

Chromium  III  compounds:  0.5  mg/m* 

(as  Cr) 

Chromium  VI  compounds: 

Water  soluble:  0.05  mg/m* 

Certain  water  insoluble  (confirmed  human 
carcinogen):  0.05  mg/m*  (as  Cr) 

None  recommended 


WATER  EXPOSURE  LIMITS: 

E)rinkinp  Water  Standards  (5414) 

•  Total  Chromium: 

NIPDWR  (current  MCL):  0.05  mg/L 
MCLG  (proposed):  0.1  mg/L 
MCL  (proposed):  0.1  mg/L 

EPA  Health  Advisories  and  Cancer  Risk  Levels  (5415) 

•  The  EPA  has  developed  nonregulatory  concentrations  of  drinking  water 
contaminants  that  would  not  result  in  adverse  health  effects  over  specified 
durations  of  exposure.  The  Health  Advisories  for  chromium  (as  total  Cr) 
are  as  follows: 


—  1-day  (child):  1  mg/L 

—  10-day  (child):  1  mg/L 

—  longer-term  (child):  0.2  mg/L 

—  longer-term  (adult):  0.8  mg/L 

—  lifetime  (adult):  0.1  mg/L 

—  Cancer  Group:  D  (oral  route) 
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WHO  Drinking  Water  Guideline  (5416) 

•  A  health-based  guideline  value  of  0.05  mg/L  (as  total  Cr)  is  proposed  for 
drinking  water.  A  daily  per  capita  consumption  of  two  liters  of  water  was 
assumed. 

EPA  Ambient  Water  OuaUty  Criteria  (5417) 

•  Human  Health 

—  Chromium  III  compounds:  Based  on  ingestion  of  water  and  contaminated 
aquatic  organisms,  the  ambient  water  quality  criterion  is  170  mg/L.  Based 
on  ingestion  of  contaminated  aquatic  organisms  alone,  the  ambient  water 
quality  criterion  is  3433  mg/L. 

—  Chromium  VI  compounds:  Based  on  ingestion  of  water  and  contaminated 
aquatic  organisms,  the  ambient  water  quality  criterion  is  recommended  to 
be  the  same  as  the  NlPDWR  of  0.05  mg/L  [total  Cr(VI)].  A  value  based 
on  the  ingestion  of  contaminated  aquatic  organisms  alone  was  not  derived. 

•  Aquatic  Life 

—  Freshwater  species 

Acute  toxicity:  Chromium  III  compounds:  no  unacceptable  effects  if  the 
1-hr  average  concentration  (in  pg/L)  does  not  exceed  the  numerical  value 
given  by  el**9<H>''(i“n*ne«.)i+3.68*)  jj,Qj.g  jjjau  Q^ce  every  3  years  on  the  average. 
Chromium  VI  compounds:  no  unacceptable  effects  if  the  1-hr  average 
concentration  does  not  exceed  16  pg/L  [as  Cr(VI)]  more  than  once  every  3 
years  on  the  average. 

Chronic  toxicity:  Chromium  III  compounds:  no  unacceptable  effects  if  the 
4-day  average  concentration  of  Cr(lII)  (in  Pfi/L)  does  not  exceed  the 
numerical  value  given  by  e<®  *‘’®l'"<^"*“*“«*‘  *^more  than  once  every  3  years 
on  the  average.  Chromium  VI  compounds:  no  unacceptable  effects  if  the 
4-day  average  concentration  does  not  exceed  1 1  pg/L  [as  Cr(VI)]  more 
than  once  every  3  years  on  the  average. 

—  Saltwater  species 

Acute  toxicity:  Chromium  III  compounds:  no  criterion  established. 
Chromium  VI  compounds:  no  unacceptable  effects  if  the  1-hr  average 
concentration  does  not  exceed  1100  pg/L  [as  Cr(VI)]  more  than  once  every 
3  years  on  the  average. 
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Promulgated  Regulations 
•  Federal  Programs 

Clean  Water  Act  (CWA) 

The  following  chromium  compounds  have  been  designated  as  hazardous 
substances  and  have  a  reportable  quantity  (RQ)  limit  of  4.54  leg  (10  lbs): 
ammonium  bichromate,  ammonium  chromate,  calcium  chromate,  chromic  acid, 
lithium  chromate,  potassium  chromate,  potassium  bichromate,  sodium 
bichromate,  sodium  chromate,  and  strontium  chromate.  Chromic  acetate, 
chromic  sulfate,  and  chromous  chloride  are  also  designated  hazardous 
substances  and  have  an  RQ  of  454  kg  (1000  lbs)  (7015,  7016).  Chromium  and 
chromium  compounds  are  listed  as  toxic  pollutants,  subject  to  general 
pretreatment  regulations  for  new  and  existing  sources,  and  to  effluent 
standards  and  guidelines  (7017,  7018),  Effluent  limitations  for  effluents 
containing  total  chromium  have  been  set  in  the  following  point  source 
categories:  textile  mills  (7029),  electroplating  (7025),  organic  chemicals, 
plastics  and  synthetic  fibers  (7030),  inorganic  chemicals  manufacturing  (7019), 
petroleum  refining  (7031),  iron  and  steel  manufacturing  (7032),  nonferrous 
metals  manufacturing  (7020),  steam  electric  power  generating  (7021), 
ferroalloy  manufacturing  (7033),  leather  tanning  and  finishing  (7034),  rubber 
manufacturing  (7035),  timber  products  manufacturing  (7022),  metal  finishing 
(7026),  battery  manufacturing  (7027),  coil  coating  (7036),  porcelain  enameling 
(7037),  aluminum  forming  (7038),  copper  forming  (7039),  electrical  and 
electronic  components  (7024),  and  nonferrous  metals  forming  and  metal 
powers  (7028).  Effluent  limitations  specific  to  effluents  containing  hexavalent 
chromium  have  been  set  in  the  following  point  source  categories:  inorganic 
chemicals  manufacturing  (7019),  petroleum  refining  (7031),  iron  and  steel 
manufacturing  (7032),  and  ferroalloy  manufacturing  (7033).  Effluent 
limitations  for  total  metals  exist  in  the  electroplating  point  source  category 
(7025).  Limitations  vary  depending  on  the  type  of  plant  and  industry. 
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Safe  Drinking  Water  Act  (SDWA) 

Chromium  is  on  the  list  of  83  contaminants  required  to  be  regulated  under 
the  SDWA  Amendments  of  1986  (7050).  Under  the  National  Interim 
Primary  Drinking  Water  Regulations,  the  maximum  contaminant  level 
(MCL)  is  set  at  0.05  mg/L  for  chromium  in  drinking  water.  This  applies  to 
community  water  systems  (7051).  In  states  with  an  approved  Underground 
Injection  Control  program,  a  permit  is  required  for  the  injection  of 
chromium-containing  wastes  designated  as  hazardous  under  RCRA  (7054). 

Resource  Conservation  and  Recovery  Act  (RCRA) 

The  following  chromium  compounds  are  listed  as  hazardous  waste 
constituents  under  RCRA:  chromium  and  its  compounds,  and  calcium 
chromate  (#U032)  (7079).  Calcium  chromate  is  also  listed  as  a  toxic 
hazardous  waste  (7078).  Nonspecific  sources  of  chromium-containing 
wastes  are:  wastewater  treatment  sludges  from  electroplating  operations 
(#F006)  and  from  the  chemical  conversion  of  aluminum  (#F019)  (7075, 
7077).  Waste  streams  from  the  following  industries  contain  chromium  and 
are  listed  as  specific  sources  of  hazardous  wastes:  inorganic  pigments 
production  (#K002-K008),  petroleum  refining  (#K048-K051),  iron  and 
steel  industry  (#K061,#K062),  secondary  lead  smelting  (#K069,  #KI00), 
ink  formulation  (#K086),  and  emission  control  dust/sludge  from  ferroalloy 
production  (#K090,  #K091)  (7076,  7077).  Solid  wastes  containing 
ch.'omium  are  listed  as  hazardous,  in  that  they  exhibit  the  characteristic 
defined  as  EP  toxicity,  when  the  TCLP  extract  concentration  of  chromium 
is  equal  to  or  greater  than  5.0  mg/L  (7074).  Chromium  is  subject  to  land 
disposal  restrictions  when  its  concentration  as  a  hazardous  constituent 
exceeds  designated  levels.  The  following  effective  dates  for  prohibition  of 
land  disposal  have  been  set  for  the  designated  chromium-containing  waste 
streams:  August  8,  1988  -  waste  numbers  F006,  K061  (waters  containing 
less  than  15%  zinc),  K062,  K069,  KlOO;  June  8,  1989  -  waste  numbers 
K005,  K007;  August  8,  1990  -  waste  numbers  K048-K051,  K061  (waters 
containing  15%  zinc  or  greater).  These  wastes  are  prohibited  from  land 
disposal  or  underground  injection  unless  respective  treatment  standards  or 
the  statutory  no  migration  standards  are  met.  Site-specific  variances  can  be 
obtained  for  soil  and  debris  contaminated  with  hazardous  waste  (7068, 
7084).  Chromium-containing  hazardous  wastes  K090  and  K091  from  the 
ferroalloy  production  (smelting)  industry  were  newly-listed  on 
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September  13,  1988,  and  so  subject  to  immediate  land  disposal  restriction 
(7069).  Effective  August  8,  19W,  liquid  wastes  containing  hexavalent 
chromium  at  concentrations  greater  than  or  equal  to  500  mg/L  are 
prohibited  from  underground  injection  (7083).  For  groundwater 
protection,  the  maximum  concentration  of  chromium-containing  hazardous 
waste  allowed  in  groundwater  is  O.OS  mg/L  (7080).  Chromium  is  included 
on  EPA’s  groundwater  monitoring  list.  EPA  requires  that  all  hazardous 
waste  treatment,  storage,  and  disposal  facilities  monitor  their  groundwater 
for  chemicals  on  this  list  when  suspected  contamination  is  first  detected  and 
annually  thereafter  (7082).  Used  oil  that  is  burned  for  energy  recovery 
may  not  contain  greater  than  10  ppm  chromium  (7067). 

Comprehensive  Environmental  Resixrnse  Compensation  and  LJabilitv  Act 
(CERCLA) 

Chromium  compounds  designated  as  hazardous  substances  under  CERCLA 
and  their  corresponding  reportable  quantity  (RQ)  limits  include:  chromic 
acid,  strontium  chromate,  calcium  chromate,  sodium  chromate,  sodium 
bichromate,  potassium  chromate,  potassium  bichromate,  lithium  chromate, 
ammonium  chromate,  ammonium  bichromate,  4.54  kg  (10  lbs);  chromic 
acetate,  chromic  sulfate,  and  chromous  chloride  454  kg  (1000  lbs);  and 
chromium,  2270  kg  (5000  lbs)  Reportable  quantities  have  also  been  issued 
for  RCRA  hazardous  waste  streams  containing  chromium,  but  these 
depend  on  the  concentration  of  the  chemical  in  the  waste  stream  (7064). 
Chromic  chloride  is  designated  an  extremely  hazardous  substances  under 
SARA  Title  III  Section  .302.  Under  Sections  311  and  312,  any  facility  at 
which  chromic  chloride  is  present  in  excess  of  its  threshold  planning 
quantity  of  one  pound  must  notify  state  and  local  emergency  planning 
officials.  If  chromic  chloride  is  released  from  a  facility  in  excess  of  its 
reportable  quantity  (RQ),  local  emergency  planning  officials  must  be 
notified  (70^).  Under  SARA  Title  III  S^tion  313,  manufacturers, 
processors,  importers,  and  users  of  chromium  compounds  must  report 
annually,  to  EPA  and  state  officials,  their  releases  of  this  chemical  to  the 
environment  (7059). 
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Federal  Insecticide.  Funpdde.  and  Rodenticide  Act  (FIFRA) 

Pesticide  registration  standards  for  chromated  arsenicals  have  been  issued 
by  EPA  (7004). 

Occupational  Safety  and  Health  Act  (OSHA) 

Employee  exposure  to  chromium  (II)  or  (III)  compounds  shall  not  exceed 
an  8-hour  time-weighted  average  (TWA)  of  0.5  m^m*  (as  Cr).  Employee 
exposure  to  chromium  metal  shall  not  exceed  an  8-hour  time-weighted 
average  (TWA)  of  1.0  mg/m^  (as  Cr)  (7000).  Employee  exposure  to 
chromic  acid  and  chromates  shall  not  exceed  a  ceiling  level  of  0.1  mg/m^ 
(as  CrOj)  at  any  time  during  an  8-hour  work-shift  (7000).  Any  substance 
or  waste  defined  as  hazardous  under  RCRA,  CERCLA,  or  HMTA  is 
subject  to  the  amended  Hazardous  Waste  Operations  and  Emergency 
Response  standard  listed  under  29CFR1910.120,  effective  March  6,  1990. 
The  standard  is  applicable  to  any  clean-up  operations  at  uncontrolled 
hazardous  waste  sites  being  cleaned-up  under  government  mandate,  certain 
hazardous  waste  treatment,  storage,  and  disposal  operations  conducted 
under  RCRA,  and  any  emergency  response  to  incidents  involving 
hazardous  substances.  The  standard  lists  employee  protection  requirements 
during  initial  site  characterization  analysis,  monitoring  activities,  materials 
handling  activities,  training,  and  emergency  response  requirements  (7003). 

Qcan  Air  Act  (CAA) 

EPA  gives  notice  of  its  intent  to  list  either  chromium  or  hexavalent 
chromium  as  a  hazardous  air  pollutant  for  which  it  will  establish  emission 
standards  under  Section  112  of  the  Clean  Air  Act.  A  decision  on  this 
rulemaking  will  be  made  by  March  of  1991  (7047). 

Hazardous  Materials  Transportation  Act  (HMTA) 

The  Department  of  Transportation  has  designated  the  following  chromium 
compounds  as  hazardous  materials,  subject  to  requirements  for  packaging, 
labeling  and  transportation:  ammonium  bichromate,  ammonium  chromate, 
calcium  chromate,  chromic  acetate,  chromic  acid,  chromic  sulfate, 
chromium,  chromous  chloride,  lithium  chromate,  potassium  chromate, 
potassium  bichromate,  sodium  chromate,  sodium  bichromate,  and  strontium 
chromate.  Reportable  quantity  (RQ)  limits  have  been  set  at  454  kg  (1000 
lbs)  for  chromic  acetate,  chromic  sulfate,  and  chromous  chloride,  2270  kg 
(5000  lbs)  for  chromium,  and  4.54  kg  (10  lbs)  for  the  remaining  compounds 
(7010). 
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Marine  Protection.  Research,  and  Sanctuaries  Act  (MPRSA) 

Ocean  dumping  of  organohalogen  compounds  as  well  as  the  dumping  of 
oils  or  known  or  suspected  carcinogens,  mutagens,  or  teratogens  is 
prohibited  except  when  they  are  present  as  trace  contaminants.  Permit 
applicants  are  exempt  from  these  regulations  if  they  can  demonstrate  that 
such  chemical  constituents  are  non-toxic  and  non-bioaccumulative  in  the 
marine  environment  or  are  rapidly  rendered  harmless  by  physical,  chemical 
or  biological  processes  in  the  sea  (7009). 

Food.  Drug,  and  Cosmetic  Act  (FDCA) 

The  level  for  chromium  in  bottled  drinking  water  is  0.05  mg/L.  This  level  is 
identical  to  the  maximum  contaminant  level  (MCL)  given  under  the  Safe 
Drinking  Water  Act  (7070).  Several  chromium  compounds,  listed  under  21 
CFR175,  are  approved  for  use  as  indirect  food  additives  as  components  of 
adhesives  and  coatings  (7072). 

State  Water  Programs 

Ar.L  STATES 

All  states  have  adopted  EPA  Ambient  Water  Quality  Criteria  and 
NPDWRs  (see  Water  Exposure  Limits  section)  as  their  promulgated  state 
regulations,  either  by  narrative  reference  or  by  relisting  the  specific 
numeric  criteria.  These  states  have  promulgated  additional  or  more 
stringent  criteria: 

NORTH  CAROLINA 

North  Carolina  has  set  a  water  quality  criterion  of  20  applicable  to  all 
tidal  saltwaters,  to  protect  aquatic  life  (7113). 

VERMONT 

Vermont  has  set  a  preventive  action  limit  of  25  for  chromium  in 
groundwater.  The  enforcement  standard,  however,  is  50  /ig/L,  the  same  as 
the  federal  MCL  (7114). 

WEST  VIRGINIA 

West  Virginia  has  set  the  following  water  quality  criteria  for  surface  waters: 
10  /ig/L  for  warmwaters  B1  and  B3;  7.2  lig/L  for  troutwaters  B2  (7123). 
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WISCONSIN 

Wisconsin  has  set  the  following  criteria  for  hexavalent  chromium  in  surface 
waters  for  the  protection  of  aquatic  life:  14.2  ^xg/L  acute  toxicity  criterion; 
9.74  /ig/L  chronic  toxicity  criterion  (7124).  Wisconsin  also  has  a  preventive 
action  limit  of  5  /xg/L  for  chromium  in  groundwater  (7116). 


Federal  Programs 
Safe  Drinking  Water  Act  (SDWA) 

The  Environmental  Protection  Agency  (EPA)  has  proposed  a  maximum 
contaminant  level  (MCL)  and  maximum  contaminant  level  goal  (MCLG)  of 
0.1  mg/L  for  chromium  in  drinking  water.  This  applies  to  community  water 
systems  and  non-transient  non-community  (NTNC)  water  systems.  Final 
action  on  this  proposal  is  expected  by  December,  1990  (7049). 

Resource  Conservation  and  Recovery  Act  (RCRA) 

EPA  has  proposed  that  chromium-containing  hazardous  waste  streams  from 
the  chemical  conversion  of  aluminum  industiy  (#F019)  and  inorganic 
pigments  production  (#K002-K004,#K006,#K008)  be  prohibited  from  land 
disposal  or  underground  injection,  effective  May  8,  1990,  unless  designated 
treatment  standards  or  the  statutory  no  migration  standards  are  met.  Final 
action  on  this  rule  is  expected  by  May,  1990  (7085).  EPA  has  proposed 
emission  rate  screening  limits  for  hexavalent  chromium  in  the  burning  of 
hazardous  waste  in  boilers  and  industrial  furnaces.  Limits  vary  as  a 
function  of  device  type  and  thermal  capacity.  Final  action  on  this  rule  is 
expected  by  December,  1990  (7110). 

Comorebensive  Environmental  Resoonse.  ComoensatiorL  and  Liabilitv  Act 


(CERCLA) 

EPA  has  proposed  that  chromic  chloride,  listed  as  an  extremely  hazardous 
substance  under  SARA,  be  listed  as  a  CERCLA  hazardous  substance,  with 
a  reportable  quantity  (RQ)  of  0.454  kg  (1  lb).  Final  action  on  this  rule  is 
expected  by  September,  1990  (7065,  70^). 
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Clean  Air  Act  fCAA) 

EPA  intends  to  list  either  chromium  or  hexavalent  chromium  as  a 
hazardous  air  pollutant  for  which  it  will  develop  national  emission 
standards.  Action  on  this  rulemaking  is  expected  by  March,  1991  (7047). 

•  State  Water  Programs 

No  proposed  regulations  are  pending.  Most  states  are  in  the  process  of 
revising  their  water  programs  and  proposing  changes  in  their  regulations 
which  will  follow  EPA’s  changes  when  they  become  final.  Contact  with  the 
state  officer  is  advised.  Changes  are  projected  for  1990-91  (7058). 

EEC  Directives 

Directive  on  Drinking  Water  (7086) 

The  mandatory  values  for  total  chromium  in  surface  water  treatment 
categories  Al,  A2  or  A3  are  0.05  mg/L.  There  are  no  guideline  values. 

Directive  on  Bathing  Water  Quality  (7087) 

Mandatory  values  for  chromium  in  bathing  water  are:  (1)  no  specific  odor 
and  (2)  concentrations  ^0.05  mg/L. 

Directive  on  Discharge  of  Dangerous  Substances  (7088) 

Chromium  cannot  be  discharged  into  inland  surface  waters,  territorial 
waters  or  internal  coastal  waters  without  prior  authorization  from  member 
countries  issuing  emission  standards.  A  system  of  zero-emission  applies  to 
discharge  of  the  substances  into  ground  water. 

Directive  on  the  Quality  of  Shellfish  Waters  (7090) 

The  mandatory  specifications  for  chromium  specify  that  the  concentration 
of  each  substances  in  the  shellfish  water  or  in  the  shellfish  flesh  must  not 
reach  or  exceed  a  level  having  harmful  effects  on  the  shellfish  and  larvae. 
The  synergistic  effects  of  other  metals  must  be  taken  into  consideration. 
The  guideline  specifications  state  that  the  concentration  of  chromium  in 
shellfish  must  be  so  limited  that  it  contributes  to  the  high  quality  of 
shellfish  product. 
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Directive  on  Ground  Water  (7091) 

To  ensure  the  effective  protection  of  groundwater  in  the  community,  it  is 
necessary  to  limit  the  discharge  of  chromium  into  groundwater.  The 
purpose  of  this  directive  is  to  prevent  pollution  of  groundwater  substances 
belonging  to  substances  listed  in  the  Annex  of  this  directive.  Chromium 
shall  ^  subject  to  prior  review  so  as  to  limit  discharge  into  groundwater. 
Member  states  may  grant  authorization,  provided  that  all  technical 
precautions  for  preventing  groundwater  pollution  by  chromium  have  been 
observed. 

Directive  Rclatine  to  the  Quality  of  Water  Intended  for  Human 


Consumption  (7092) 

The  maximum  admissible  concentration  for  chromium  is  50  pg/L.  No  guide 
level  is  given. 

Directive  on  Toxic  and  Dangerous  Wastes  (7093) 

Any  installation,  establishment,  or  undertaking  that  produces,  holds  and/or 
disposes  of  certain  toxic  and  dangerous  wastes  including  chromium  and 
chrome  compounds  (with  carcinogenic  effects)  shall  keep  a  record  of  the 
quantity,  nature,  physical  and  chemical  characteristics  and  origin  of  such 
wastes,  and  of  the  methods  and  sites  used  for  disposing  of  such  waste. 

Directive  on  the  Clarification.  Packaring  and  Labeling  of  Dangerous 


Substances  (7095) 

Chromic  oxychloride,  chromium  trioxide,  and  chromyl  chloride  are  classified 
as  corrosive  and  oxidizing  substances  and  is  subject  to  packaging  and 
labeling  regulations.  Hydrogen  cyanide  may  contain  a  stabilizer.  If  the 
stabilizer  changes  the  dangerous  properties  of  this  substance,  substance 
should  be  labeled  in  accordance  to  rules  in  Annex  I  and  EEC/884/490,  July 
22,  1989. 


ProDOsal  for  a  Council  Directive  on  Water  Quality  Objectives  for 


Chromium  (7097) 

EEC  has  proposed  that  the  concentration  of  dissolved  chromium  in  fresh 
water  be  below  5-50  pg/L  depending  on  water  hardness.  For  sea  water,  the 
upper  limit  would  be  15  pg/L.  The  proposal  would  not  regulate  chromium 
in  ground  water  or  drinking  water.  Implementation  of  the  program  would 
be  completed  by  15  September  1991. 
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REGULATORY  STATUS  (as  of  Ol-MAR-90)  (ConL) 


Directive  on  Disposal  of  Waste  Oik  (7102) 

Establishments  collecting  and/or  disposing  of  chromium  waste  oils  must 
carry  out  these  operations  so  that  there  will  be  no  avoidable  risk  of  water, 
air,  or  soil  pollution.  A  permit  from  the  competent  authority  must  be 
registered  and  adequately  supervised  for  collecting,  disp>osal  and 
regenerating  waste  oils.  PCBs  and  PCTs  must  not  be  present  in  amounts 
greater  than  SO  ppm  in  regenerated  waste  oil.  Emission  limit  values  must 
not  exceed  5  mg/m^. 

Directive  on  the  Combating  of  Air  Pollution  From  Industrial  Plants  (7104) 
Chromium  and  chromium  compounds  are  considered  heavy  metals  and  are 
classified  as  polluting  substances  in  Annex  II  of  this  directive.  This 
directive  requires  member  states  to  ensure  that  the  types  of  industrial  plans 
listed  in  Annex  I  receive  authorization  before  operation  or  substantial 
alteration.  An  authorization  may  be  issued  only  when  competent  authority 
is  satisfied  that:  (1)  all  appropriate  preventive  measures  against  air 
pollution  have  been  taken;  (2)  the  use  of  the  plant  should  not  cause 
significant  air  pollution,  particularly  from  the  emission  of  substances  in 
Annex  II;  and  all  applicable  air  quality  limit  values  are  taken  into  account. 

EEC  Dircctivcs-Dccisions 

EEC  Council  Elecision  on  the  Convention  On  Marine  Pollution  From 
Land-Based  Sources  (7105) 

The  convention  provides  steps  to  be  taken  in  preventing  pollution  of  the 
North  East  Atlantic  and  The  North  Sea  from  land-based  sources.  These 
steps  apply  to  three  substances  listed  in  Annex  A:  Part  I  substances 
include  persistent  chemical  families  or  materials  must  be  eliminated;  Part  II 
substances,  includes  chromium  and  its  compounds  that  seem  less  noxious  or 
are  more  readily  rendered  harmless  by  natural  processes.  Discharges  must 
be  subject  to  approval  by  representatives  of  the  contracting  party. 
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72.1  MAJOR  USES 

Elemental  chromium  is  not  found  in  nature  (5418).  The  most  important  chromium 
ore,  chromite  (Fe0Cr20j),  is  never  found  in  pure  form  (5419),  but  contains  varying 
amounts  of  silica  and  small  amounts  of  other  compounds  and,  in  some  cases,  the  iron  oxide 
may  be  replaced  with  magnesium  oxide.  Chromium  and  other  metals  may  occupy  the  same 
site  in  different  proportions  (5420).  In  1987,  world  production  of  chromite  totaled  an 
estimated  12.12  million  short  tons.  Although  no  chromite  ore  was  mined  in  the  U.S.,  0.56 
million  short  tons  were  consumed  domestically  (5421).  Ferrochromium  is  produced  from 
the  ore,  either  by  the  reduction  of  chromium  compounds  or  electrolytically.  In  1987,  world 
production  of  chromium  ferroalloys  totaled  approximately  3.1 1  million  short  tons,  of  which 
0.44  million  tons  were  consumed  domestically  (5421). 

According  to  1987  figures,  chromium  is  used  mainly  in  the  metallurgical  and 
chemical  industries  (505,449  tons  of  chromite  used)  and  in  the  refractory  industry  (50,416 
tons  used)  (5421).  In  the  metallurgical  industry,  chromium  is  used  mainly  in  the 
production  of  stainless  steels,  alloy  cast  irons,  nonferrous  alloys  and  other  miscellaneous 
materials  (5422);  in  the  chemical  industry,  chromite  is  used  in  the  pigment,  paint,  tanning, 
and  dyeing  processes  (5423);  and  in  the  refractory  industry,  chromite  is  used  to  make 
refractory  bricks  to  line  metallurgical  furnaces  (5421).  Ferrochromium  alloys  and  other 
chromium-containing  materials  are  used  in  the  production  of  stainless  steel  (82%),  full- 
alloy  steel  (7%),  and  supcralloys  (3%),  and  for  other  end  uses  (8%)  (5421). 


72.2  ENVIRONMENTAL  FATE  AND  EXPOSURE  PATHWAYS 

The  sources  of  chromium  in  the  environment  are  both  natural  and  anthropogenic. 
Chromium  levels  in  rock  samples  from  all  over  the  world  range  from  20  to  2,000  ppm 
(5418).  High  chromium  content  is  associated  mainly  with  ultramafic  and  mafic  rocks,  while 
lower  chromium  levels  are  found  in  acid  igneous  and  sedimentary  rocks  (5424).  Because 
the  composition  of  soil  is  influenced  by  the  composition  of  the  parent  rock  from  which  it 
is  formed,  the  background  level  of  chromium  in  soil  varies  considerably  (5418).  Soils  on 
serpentines  may  contain  as  much  as  0.2  to  0.4%  chromium,  while  sandy  soils  and  histosols 
have  the  lowest  levels  ( "7-15  ppm);  the  overall  mean  chromium  content  is  calculated  to 
be  54  ppm  for  surface  soils  of  the  U.S.  and  65  ppm  for  world-wide  soils  (5424).  Chromium 
tends  to  accumulate  in  soils  to  which  industrial  wastes  and  municipal  sludges  are  applied. 
In  one  study,  chromium  levels  of  1 13  ppm  (an  increase  from  43  ppm)  were  detected  after 
80  years  of  irrigation  with  sewage  sludge  containing  112  ppm  chromium  (5425)  and  in 
another,  levels  of  the  metal  ranging  from  214  to  399  ppm  were  detected  in  surface 
horizons  of  sludged  farmland  (5426,  5427,  5428). 

Using  emissions  factors  and  statistics  on  global  prcxluction  or  consumption  of 
industrial  goods,  Nriagu  and  Pacyna  (5429)  calculated  the  world  wide  emissions  of  trace 
metals  to  the  atmosphere,  water,  and  soil.  Total  atmospheric  emissions  of  chromium, 
mainly  from  coal  combustion,  steel  and  iron  manufacturing,  and  cement  production,  were 
estimated  to  be  7.3-53.6  x  10^  kg/yr.  Total  emissions  into  aquatic  ecosystems,  discharged 
mainly  from  domestic  wastewater,  metal  manufacturing  processes,  and  dumping  of  sewage 
sludge,  were  estimated  to  be  45-239  x  10*  kg/yr.  Total  emissions  into  soils,  primarily  from 
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coal  and  bottom  fly  ash,  commercial  products  such  as  pesticides,  and  animal  wastes 
(manure),  were  estimated  to  be  4.84-13.09  x  10*  kgyyr  (5429). 

The  environmental  fate  of  chromium  in  soils  and  sediments  is  influenced  primarily 
by  sorption  (which  includes  the  physical  process  of  adsorption  and  a  number  of  chemical 
processes  called  chemosorption  (5430)).  Sorption  can  be  complicated  by  redox  reactions. 
The  half-life  of  chromium  in  soils  could  be  several  years  (5407,  5431).  Hertel  (5423) 
estimated  that,  depending  on  climatic  conditions  and  soil  properties,  chromium  deposited 
in  the  soil  in  sewage  sludge  could  disappear  either  slowly  (7%  disappearance  in  8  years) 
or  more  rapidly  (75%  disappearance  within  3  years). 

Chromium  in  natural  waters  arises  from  mineral  weathering  processes,  soluble 
organic  chromium,  sediment  load,  precipitation,  and  industrial  pollution  (5418).  The  fate 
of  chromium  in  water  is  governed  by  precipitation  and  speciation.  Speciation  includes  acid 
base  dissociation,  complexation,  and  redox  reactions.  All  of  these  environmental  processes 
occur  in  parallel  (5430).  Estimations  of  the  residence  time  of  chromium  in  groundwater 
were  not  found;  however,  the  metal  is  expected  to  persist  in  lake  water  for  approximately 
4.6-18  years  (5422). 

72.2.1  Transport  in  Soil/Ground-watcr  Systems 

722.1.1  Overview 

The  characteristic  oxidation  states  of  chromium  are  positive  II,  III,  and  VI,  the  most 
stable  of  which  is  Cr(III)  (5418).  As  chromium  is  weathered  from  minerals,  it  initially 
exists  in  the  environment  as  Cr(III).  Nearly  all  Cr(VI)  in  the  environment  is  man-made, 
the  result  of  contamination  by  industrial  emissions  (5432,  5423).  Cr(VI)  is  mobile  in  the 
soil  and  is  toxic  to  plants  and  animals  (5424),  while  Cr(lII),  generally  immobile  in  soil,  is 
less  toxic  (5418). 

The  movement/sorption  of  chromium  in  the  soil  is  influenced  by  various  factors  such 
as  chemical  form  and  oxidation  state  of  the  metal,  the  presence  of  organic  matter, 
exchangeable  ions,  and/or  reducing  agents,  soil  pH  and  texture,  and  the  formation  of 
soluble  complexes,  especially  those  resulting  from  the  anaerobic  decomposition  of  plant 
material  in  flooded  soils  (5422,  5433). 

In  natural  waters,  most  of  the  soluble,  generally  mobile,  chromium,  which  accounts 
for  only  a  small  percentage  of  total  chromium,  is  hexavalent  (5418).  Trivalent  chromium, 
on  the  other  hand,  readily  precipitates  with  carbonates,  hydroxides,  and  sulfides  to  form 
insoluble  compounds  and  is  generally  immobile  in  ground  water  (5434). 

Chromium  levels  in  both  surface  and  ground  water  are  usually  very  low  (in  the 
picogram/mL  range),  requiring  the  use  of  sensitive  analytical  methods.  In  one  study,  the 
movement  of  sludge-borne  metals  in  an  agricultural  landscaf>c  was  monitored  after  10 
years  of  annual  sludge  applications.  In  spite  of  massive  chromium  loadings,  chromium 
losses  were  low  and  were  associated  only  with  sediment  losses,  suggesting  that  Cr(VI) 
would  probably  not  leach  into  groundwater  in  significant  quantities  (5435).  In  another 
study,  however,  Cr(VI)  was  detected  in  the  ground  water  of  Paradise  Valley,  Arizona  at 
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concentrations  as  high  as  220  ppb  (5436).  The  presence  of  Cr(VI)  in  the  Arizona  ground 
water  (pH  7.8  to  9,  Eh  0.4  v  to  2.5  v)  was  attributed  to  low  carbon  dioxide  levels  and 
silicate  hydrolysis. 

722.1.2  Sorption  on  Soils 

Trivalent  chromium  bonds  with  oxygen,  nitrogen,  and  sulfur  and  forms  many  organic 
complexes  (5418);  it  also  adsorbs  to  hydroxides  of  other  metals  to  form  insoluble 
compounds  that  are  very  stable  in  soils.  It  appears  that  a  small  amount  of  Cr(III)  in  soil 
can  be  oxidized  to  Cr(VI)  (5418, 5437, 5433),  probably  due  to  the  presence  of  manganese 
oxides  in  the  soil  (5438).  Some  of  the  Cr(VI)  formed  in  this  way  will  be  sorbed,  some  will 
be  reduced,  and  some  may  be  leached  into  ground  water  or  drainage  water.  Runoff  could 
remove  both  soluble  and  insoluble  precipitate  resulting  in  final  deposition  to  either  a 
different  land  area  or  body  of  water  (5422). 

Hexavalent  chromium  is  water  soluble  and  can  be  both  stable  and  mobile  in  soils 
that  are  sandy  and  contain  low  levels  of  organic  matter  (5437, 5433);  however,  Cr(VI)  may 
also  be  reduced  to  Cr(III)  or  absorbed  depending  on  such  factors  as  soil  pH  and  soil 
texture.  The  stable  Cr(VI)  species,  chromate  (CrO^'^)  and  dichromate  (Cr207'^),  form 
soluble  salts  which  are  mobile  and  potentially  toxic  (5439,  5420).  Under  anaerobic 
conditions,  these  species  are  rapidly  reduced  to  Cr(III)  and  are  precipitated  as  oxides  and 
hydroxides.  Hexavalent  chromium  is  not  sorbed  significantly  by  metal  oxides  or  clays,  but 
is  strongly  sorbed  by  activated  carbon,  indicating  possible  affinity  for  organic  matter  in  the 
environment  (5439).  Increased  levels  of  organic  matter  may  induce  the  formation  of 
soluble  organic  complexes  reducing  the  degree  of  adsorption  of  both  Cr(III)  and  Cr(IV) 
(5440).  Hexavalent  chromium  can  be  coprecipitated  with  aluminum  hydroxide  over  the 
pH  range  of  about  7  to  9.4  (5441). 

The  effects  of  pH  on  the  adsorption  of  chromium  in  soil  are  generally  significant. 
Griffin  et  al.  (5442)  observed  that  in  the  presence  of  clay  minerals,  the  adsorption  of 
Cr(III)  increased  as  pH  increased,  while  the  adsorption  of  Cr(VI)  decreased  as  pH 
increased.  Thirty  to  three-hundred  times  more  Cr(III)  was  adsorbed  onto  the  clay  than 
was  Cr(VI),  corresponding  to  the  adsorption  of  hydrolyzed  Cr(III)  species  on  cation 
exchange  sites.  However,  at  tow  pH  and  low  concentration  where  the  solubility  of  Cr(III) 
is  increased,  strong  specific  adsorption  on  manganese  and  iron  occurs  (5420).  The  effects 
of  low  pH  on  the  sorption  of  Cr(VI)  are  not  clearcut.  One  experiment  demonstrated  that 
as  pH  decreased,  Cr(VI)  sorption  increased  and,  furthermore,  the  sorbed  chromium  was 
desorbed  at  pH  10-11,  apparently  as  Cr(VI)  (5438).  In  another  study,  the  movement  of 
chromium  in  silt  loam  of  pH  4.5  was  limited  to  the  top  5  cm  of  soil,  but  moved  deeper  in 
soil  adjusted  to  pH  7.6  (5443).  There  is  other  evidence,  however,  that  Cr(VI)  is  mobilized 
in  acid  (pH  3-5)  as  well  as  alkaline  soils  (pH  10-11)  (5424). 

Using  thin  layer  chromatography,  Khan  et  al.  (5444)  examined  the  various  factors 
that  influence  the  mobility  of  heavy  metals  through  Indian  Red  Soil.  The  mobility  of 
chromium,  which  was  high  in  this  system,  was  thought  to  be  governed  by  the  formation  of 
highly  stable  and  soluble  chromium-soil  organic  matter  (SOM)  complexes  which  were 
readily  translocated  through  the  soil.  The  investigators  observed  that  the  decomposition 
of  soil  organic  matter  greatly  increased  the  mobility  of  chromium  whereas  a  rise  in  pH  of 
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the  soil  water  system  caused  a  decrease.  Initial  addition  of  all  anions  (Cl  ,  HCOs',  COj", 
SO4”,  P04’”,  and  Mo04'  )  apparently  enhanced  mobility  but  as  the  levels  of  SO4",  P04  ', 
and  Mo04'‘  increased,  mobility  was  reduced.  Compared  with  other  metals,  the  mobility 
of  chromium  tested  in  soils  saturated  with  different  exchangeable  cations  was  high,  and  in 
the  following  order:  H-soil>Na-soil>K-soil>Mg-soil>Ca-soil.  The  high  mobility  of 
chromium  in  H-soil  was  attributed  to  a  reduction  of  the  soil  pH  from  5.7  to  2.5. 

722.13  Volatilization  from  Soils 

No  data  were  found  to  indicate  that  chromium  volatilizes  from  the  soil;  however, 
the  metal  may  be  transported  to  the  atmosphere  as  an  aerosol  (5422). 

7222  Transformation  Processes  in  Soil/Ground-watcr  Systems 

72221  SoU 

Organic  matter  in  soil  reduces  Cr(VI)  to  Cr(III)  (5445,  5443,  5433)  and/or  organic 
chromium  compounds  may  be  formed,  more  than  likely  as  the  hexavalent  chromium  is 
reduced  by  organic  matter,  rather  than  by  the  direct  interaction  of  Cr(III)  and  organic 
matter  (5418). 

As  was  mentioned  previously,  Cr(III)  can  undergo  oxidation  to  Cr(Vl)  under  certain 
conditions  (5418, 5437).  Studies  by  Eary  and  Rai  (5472)  indicated  that  Cr(III)  in  leachates 
from  coal  fly  ash  disposal  sites  (pH  <6)  would  react  with  MnOj  to  be  converted  to  Cr(VI). 
However,  it  is  likely  that  the  converted  Cr(Vl)  would  subsequently  be  reduced  to  Cr(III) 
in  the  underlying  soil  and  possibly  precipitated  as  Cr(OH)2,  resulting  in  a  small  net 
concentration  of  Cr(VI). 

No  data  were  found  to  indicate  that  chromium  undergoes  biological  alterations  in 
the  soil;  however,  Francis  and  Dodge  (5446)  observed  the  microbial  dissolution  of 
chromium  from  coal  beneficiation  residues  (fines  fraction  and  filter  cake)  under  aerobic 
and  anaerobic  conditions.  Based  on  the  amount  of  metal  released  from  the  residues 
during  incubation  with  native  aerobic  and  anaerobic  flora,  approximately  55%  of  the 
chromium  was  mobilized  from  the  fines  fraction  under  aerobic  conditions,  while  ~  2%  was 
mobilized  under  anaerobic  conditions.  From  the  filter  cake,  ^  24%  was  mobilized  under 
aerobic  conditions  and  26%  under  anaerobic  conditions. 

72222  Ground  Water 

The  fate  of  chromium  in  the  aquatic  environment  is  determined  primarily  by 
chemical  speciation  (5439).  Conditions  that  support  Cr(VI)  will  maintain  chromium  in  a 
soluble  form  in  the  water,  while  conditions  that  support  Cr(III),  the  most  stable  form,  will 
induce  the  precipitation  and  adsorption  of  chromium  in  sediments.  At  the  same  time, 
small  amounts  of  Cr(III)  may  remain  in  solution  as  soluble  complexes  (5422).  Chromous 
ion  ICr(II)]  is  not  stable  in  water;  Cr(OH)2  precipitates  at  approximately  pH  6  and  is  easily 
oxidized  (5447). 
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Metals  tend  to  undergo  hydrolysis  by  water,  and  then  exist  as  one  or  more  ionic 
species  (5434).  In  the  aqueous  environment,  Cr(III)  polymerizes  slowly,  complicating  its 
hydrolysis  behavior.  Cr(III)  produces  the  mononuclear  species  CrOH'*^^  Cr(OH)2^, 
Cr(OH)4',  the  neutral  species  Cr(OH)3°,  and  the  polynuclear  species,  Cr2(OH)2  and 
Cr3(OH)4‘^',  that  form  more  slowly  (5447).  The  accumulaiion  of  Cr(III)  in  sediments  is 
the  result  of  the  hydrolysis  of  Cr(III)  complexes  to  insoluble  hydroxides,  particularly 
Cr(OH)3  (54.39). 

Hexavalent  chromium  exists  in  aqueous  solution  as  a  component  of  a  complex 
anion,  either  chromate  (Cr04'^),  hydrochromate  (HCr04  ),  or  dichromate  (Cr207'^), 
depending  on  pH.  All  of  these  forms  are  very  soluble  (54^)  and  quite  mobile  in  the 
aquatic  environment.  Because  dichromate  concentration  is  not  significant  at  pH  values 
usually  observed  in  most  natural  waters,  the  prevalent  form  of  the  Cr(VI)  in  waters  of 
pH >6  is  the  chromate  ion,  Cr04'^  (54.39).  Table  72-1  lists  pK  values  for  Cr(III)  and 
Cr(Vl)  aqueous  species. 

Chromium(III)  complexes  with  a  number  of  ligands  such  as  water,  fluoride, 
ammonia,  cyanide,  thiocyanate,  oxalate,  sulfate,  and  numerous  organic  compounds 
(reviewed  in  5420).  The  complexes  may  exist  as  cationic  or  anionic  complexes,  depending 
on  the  charge  and  number  of  ligands  attached.  At  neutral  or  basic  pH,  Cr(III)  forms 
polynuclear  complexes  via  hydroxo-  or  oxo-bridge  linkages  (reviewed  in  5420).  These 
complexes  are  kinetically  inert  and  may  persist  in  solution  for  relatively  long  periods,  even 
under  conditions  that  may  make  them  thermodynamically  unstable  (reviewed  in  5420). 

As  in  soil,  Cr(III)  and  Cr(VI)  in  natural  waters  are  readily  interconvertible,  under 
certain  conditions  (5449).  Apparently,  Cr(VI)  can  be  reduced  by  Fe(II),  dissolved  sulfides, 
and  certain  organic  compounds  with  sulfhydryl  groups,  while  Cr(III)  can  be  oxidized  by  a 
large  excess  of  Mn02  and  at  a  slower  rate  by  oxygen.  However,  the  oxidation  of  Cr(III) 
to  Cr(VI)  would  not  be  a  significant  process  in  natural  waters  were  the  pH  range  is  usually 
between  6  and  9  (5422). 

Chromium  hydroxide  and  Cr(III)  precipitated  with  iron  oxides  are  thought  to  be  the 
solubility-controlling  solids  in  some  natural  waters  (5440).  At  pH  >5  the  precipitation  of 
chromium  hydroxide  is  probably  the  dominant  fate  of  chromium  in  natural  waters  (5439). 
As  pH  increases,  solubility  decreases;  at  pH  8.5  the  solubility  product  for  the  hydroxide 
is  2.9  X  10'”  (5450).  Solubility  is  also  dependent  on  other  water  characteristics  such  as 
hardness,  alkalinity  and  salinity. 

Barium,  lead,  and  silver  chromates  readily  precipitate  from  solution;  lead  chromate 
is  most  likely  the  species  that  controls  the  solubility  of  Cr(VI)  in  the  environment  (5440). 

No  data  were  found  to  indicate  that  chromium  would  undergo  biological  alteration 
in  groundwater  systems.  However,  there  is  evidence  that  bacterial  action  can  convert  it 
into  a  slightly  more  soluble  form  (5432). 
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Table  72-1 


Values  of  Add  Dissodation  Coostants  for  Chromium  Spedes 


Species 

pki 

pkj 

pk4 

References 

H2Cr04 

0.74 

6.5 

(5471) 

Cr*^ 

4.2 

6.2 

8.3 

9.1 

(5470) 

The  terminology  assumes  an  aq  subscript  on  each  species,  which  refers  to  the 
fact  that  the  ion  is  an  aqueous  solution.  The  acid  dissociation  contants  thus 
refer  to  loss  of  H*  from  successive  water  molecules. 

Values  are  given  as  pk,  =  -log  k,.  Temperature  is  20-25°  C  and  ionic  strength  is 
0.0M. 

Source:  (5451) 


72.23  Primaiy  Routes  of  Exposure  from  SoU/Ground-water  Systems 

Chromium  participates  in  glucose  and  cholesterol  metabolism  and  therefore  is  essential  to  man 
and  animals  (5452).  Food  intake  is  a  major  source  of  chromium  for  animals  and  humans  (542.^). 
Chromium  is  present  in  all  plants,  including  food  plants,  and  is  usually  taken  up  through  the  roots 
or  leaves  (5423).  Only  chelated  chromium  compounds  appear  to  be  translocated  from  these  points 
of  absorption  (5423)  and  there  is  no  evidence  that  hexavalent  chromium  is  translocated  at  all 
(5418).  Chromium  levels  found  in  plants  are  usually  fairly  low  and  consistent,  ranging  from  0.02 
to  0.2  ppm  (dry  weight),  but  they  may  vary  considerably  in  food  plants,  ranging  from  0.02-14  ppm 
(dry  weight)  in  the  edible  parts  of  vegetables  (5453).  However,  plants  growing  in  areas  of 
serpentine  or  chromite  deposits  can  accumulate  up  to  0.35%  chromium  (dry  weight)  (5454, 5455). 
It  is  estimated  that  <1%  of  plant  chromium  is  biologically  available  (5418). 

Chromium  added  to  the  soil  is  expected  to  have  a  minimal  effect  on  the  concentration  of  the 
metal  in  foods  and  feeds  (5418).  Tliis  was  demonstrated  by  Mejstrik  and  Svacha  (5456),  who 
investigated  the  concentrations,  in  and  on  crop  plants,  of  heavy  metals  released  into  the 
atmosphere  from  the  combustion  of  coal  or  lignite.  M''asurcments  were  made  in  the  vicinities  of 
two  fossil  fuel  power  plants,  PPH  and  PPM,  and  a  nuclear  power  plant,  NPPD.  Concentrations 
were  determine  in  different  species  of  agricultural  plants  from  the  local  environment  (within  a 
radius  of  1-15  mi)  and  were  compared  with  corresponding  concentrations  in  soils  and  fallout. 
Because  of  the  presence  of  serpentine  soils  indigenous  to  NPPD,  the  chromium  content  was  three 
times  higher  (173.1  pg/g)  there  than  at  PPM  or  PPH.  Only  40%  of  the  chromium  deposition 
could  be  attributed  to  fallout  from  the  power  plant.  However,  the  total  average  chromium  content 
of  plant  samples  did  not  correlate  with  the  high  chromium  content  of  NPPD  soils,  the  plant  values 
from  this  area  being  lower  than  the  plant  values  from  the  two  power  plants.  In  sugar  beet  roots 
and  oat  seed  chromium  content  was  elevated  (0.8-2.8  pg/g  dry  wt.  and  0.5-2.4  pg/g  dry  wt., 
respectively),  while  in  wheat  seed  it  was  low  (0.1 -0.3  pg/g  dry  wt).  In  the  group  of  above  ground 
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samples  did  not  correlate  with  the  high  chromium  content  of  NPPD  soils,  the  plant  values 
from  this  area  being  lower  than  the  plant  values  from  the  two  power  plants.  In  sugar  beet 
r(X)ts  and  oat  seed  chromium  content  was  elevated  (0.8-2.8  pg/g  dry  wt.  and  0.5-2.4  pg/g 
dry  wt..  respectively),  while  in  wheat  seed  it  was  low  (O.I-O.."!  pg/g  dry  wt).  In  the  group 
of  above  ground  samples,  chromium  content  was  elevated  in  sugar  beet  leaves  (PPH,  2.0 
pg/g  dry  wt.),  grasses  (PPH,  4.2  pg/g  dry  wt.)  and  oat  straw  (NPPD,  2.0  pg/g  dry  wt.). 

The  presence  of  chromium  in  groundwater  could  lead  to  the  exposure  of  humans  via 
drinking  water.  Drinking  water,  which  normally  contains  low  chromium  concentrations  of 
5  pg/L  or  less,  has  been  found  to  rantain  on  rare  occasions  concentrations  of  20  pg/L 
(5457).  Trivalent  chromium  is  rarely  detected  in  water  that  has  been  chlorinated,  and  it 
has  been  suggested  that  most  chromium  present  in  drinking  water  is  hexavalent  (5448). 
Although  Cr(III)  rauld  be  oxidized  to  Cr(VI)  during  chlorination  of  water  (particularly  at 
pH  5.5-6.0),  this  would  not  be  of  concern  with  drinking  water  because  of  the  low 
concentrations  of  Cr(lll)  and  natural  organics  that  are  usually  present  in  drinking  water 
(5422).  Based  on  water  consumption  of  2  L/day,  it  is  estimated  that  the  daily  intake  of 
chromium  in  water  might  vary  from  <10  pg  to  40  pg/day  on  rare  occasions  (54.^2). 

72.Z4  Other  Sources  of  Human  Exposure 

Potentially  hazardous  occupational  exposures  to  chromium  can  occur  during  the 
production  of  dichromate,  during  the  use  of  chromates  in  the  chemical,  stainless-steel, 
refractory  and  chromium-plating  industries,  and  during  the  production  and  use  of  alloys 
(5419).  Welders  may  also  be  at  risk  for  exposure  to  the  chromium  in  stainless  and  acid- 
stable  steel,  and  in  anticorrosive  paints  (5458,  5459,  5460).  The  most  important  route  of 
entry  in  occupational  exposure  is  via  inhalation  (5423). 

The  U.S.  National  Institute  for  Occupational  Safety  and  Health  estimated  that  in  1975, 
175,000  U.S.  workers  were  exposed  to  Cr(VI)  in  104  occupations  and  that  in  1973,  15,000 
workers  in  the  U.S.  were  potentially  exposed  to  Cr(VI)  trioxide  mist  (5423).  The  range 
of  airborne  Cr(Vl)  concentrations  (pg/m’)  in  various  industries  as  reported  by  Stern  (546C; 
are  as  follows:  stainless  steel  welding  (50-400),  chromate  production  (100-500),  chrome 
plating  (old  plants  (50-1000j;  new  plants  [5-25]),  ferro-chromc  (10-140),  chrome  pigment 
(60-600),  tanning  (10-50,  as  Cr[IIIj  only). 

Non-occupational  exposure  of  the  general  population  to  chromium  has  many  sources, 
diet  being  the  main  one  (5419).  The  following  intake  rates  of  chromium  via  ingestion  and 
inhalation  have  been  estimated:  none  in  fish;  60  pg/day  in  other  foods;  0.2  pg/day  in 
water;  and  O.I  pg/day  by  inhalation  (5461).  Higher  rates  of  intake  from  food  of  280 
pg/day,  ak)ng  with  4  and  0.28  pg/day  from  water  and  air,  respectively,  have  also  been 
estimated  (5462). 

Urban  air  concentrations  of  chromium  for  1%9  were  estimated  at  <  10-100  ng/m^  while 
pre-1974  values  for  rural  stations  were  10  ng/m^  or  less  (5463).  Most  chromium  in  the  air 
will  be  in  the  form  of  fine  particles,  approximately  half  of  which  could  be  deposited  in  the 
respiiatory  tract  (5432). 
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Foods  other  than  plants,  such  as  meat  and  unrefined  sugar,  are  important  sources  of 
chromium,  while  fish,  vegetable  oil  and  fruits  contain  smaller  amounts.  Both  trivalent  and 
hexavalent  chromium  are  found  in  foods  (54.^2),  some  of  which  may  have  leached  from 
plated  or  stainless  steel  utensils  used  in  fotxl  preparation.  Levels  vary  from  non-deteclablc 
to  about  0.5  mg/kg  wet  weight  for  most  items  (5419). 

Surgically  implanted  hip  or  knee  prostheses  are  also  of  concern  as  potential  sources  of 
human  exposure  to  chromium.  In  one  study,  hip  or  knee  porous-coated  prostheses 
fabricated  of  cobalt-chromium  were  implanted  in  28  patients,  and  serum  and  urine  samples 
were  taken  at  intervals  ranging  from  1  day  to  2.5  years  after  surgery  (5544).  The  samples 
were  assayed  for  cobalt,  chromium,  and  nickel  concentrations  and  the  results  were 
compared  with  those  from  two  control  groups  (only  chromium  concentrations  arc 
considered  here).  Average  chromium  concentrations  in  patients  with  hip  or  knee 
prostheses  were  never  significantly  increased  (p>0.05)  over  the  preoperative  val’ies  or  the 
corresponding  postoperative  values  in  control  patients  with  Ti-Al-V  prosthes.,*;  nowever, 
one  patient  exhibited  increased  concentrations  of  chromium  in  scrum  and  urine  (0.61  pg/L 
and  1.8  pg/g  creatinine,  respectively;  presurgery  averages,  0.06  pg/L  for  serum  and  0.4  pg/g 
creatinine  for  urine)  22  months  after  surgery.  Three  other  patients  had  sporadically 
increased  urine  chromium  concentrations,  but  without  increased  scrum  chromium.  The 
investigators  suggested  that  such  elevations  of  chromium  in  body  fluids  may  be  indicative 
of  loosening  or  corrosion  of  implanted  prostheses,  and  that,  in  spite  of  the  paucity  of 
positive  data  for  chromium  in  body  fluids,  chromium  levels  in  the  tissues  surrounding  the 
implants  could  be  significantly  increased. 

Background  levels  of  chromium  were  measured  in  tissues  from  the  carcasses  of  livestock 
(bovine,  porcine,  and  poultry  tissues)  (5464).  Levels  of  chromium  in  bovine  muscle  (663- 
^7  pg/kg)  did  not  change  significantly  with  age  over  "6  years;  likewise,  there  were  no 
age-related  increases  in  kidney  levels  (867-1000  pg/kg).  In  porcine  carcasses,  levels  of  242 
and  715  pg/kg  for  muscle  and  kidney,  respectively,  were  detected.  Levels  of  chromium 
were  measured  in  poultry  carcasses  from  several  locations  in  Ontario.  In  poultry,  muscle 
concentrations  were  1146  and  987  pg/kg  for  chickens  under  and  over  14  weeks  old, 
respectively,  while  liver  concentrations  were  1007  and  13%  pg  chromium/kg. 

For  fish  and  seafood,  the  following  levels  of  chromium  have  been  detected:  (1)  in  the 
tissues  of  sea  scallop  (Placopecten  magellanicusl  from  19  sites  in  the  area  of  two  ocean 
disposal  sites  located  off  the  U.S.  mid-Atlantic  coast,  0.89  to  6.88  ppm/dry  weight  (5465); 
in  oysters  (Crassostrea  virginical  taken  from  the  area  surrounding  three  marinas  in  coastal 
South  Carolina,  0.3  to  2.0  mg/kg  in  13/54  samples  tested  (5466);  and  (3)  in  the  dorsal 
muscle  of  white  suckers  fCatostomus  commersonil  and  brown  bullheads  flctalurus 
nebulosusl.  both  bottom-feeding  omnivores  (mean  concentration  in  white  suckers,  0.05 
pg/g  dry  wt;  mean  concentration  in  brown  bullheads,  0.05  pg/g  dry  wt)  (5467).  The  fish 
were  collected  in  two  lakes  known  to  have  elevated  sediment  concentrations  of  the 
elements.  To  study  the  potential  for  biomagnification,  several  good  potential  food  sources 
(insects,  crayfish,  fingerling  bullheads)  and  the  gut  contents  of  the  bullheads  were  analyzed 
for  the  presence  of  the  metal  and  the  biomagnification  ratio  (BR)  was  calculated  from  the 
ratio  of  the  average  concentration  found  in  fish  muscle  to  the  average  concentrations 
found  in  its  foods  and  gut  contents  of  the  bullheads.  The  BR  values  for  chromium  were 
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0.07  for  insects,  0.35  for  crayfish,  and  0.24  for  fingerling  bullheads,  indicating  no  potential 
for  biomagnification. 

Bioconcentration  factors  for  chromium,  defined  as  the  ratio  of  the  concentration  of  the 
clement  in  the  organism  in  ppm  (wet  wt.)  divided  by  the  concentration  of  the  element  in 
water  (ppm)  have  been  summarized  by  Callahan  et  al.  (5439).  The  highest  values  of  1,600- 
4,000  were  derived  (in  increasing  order)  for  benthic  algae,  zooplankton,  marine  plants  and 
invertebrates,  freshwater  invertebrates,  and  freshwater  plants.  Lxjwer  values  of  70-440 
were  determined  for  fish  muscle,  crustacean  muscle,  freshwater  fish,  mollusc  viscera,  and 
marine  fish.  Although  some  accumulation  docs  occur  at  all  levels  of  the  food  chain,  these 
concentration  factors  further  suggest  that  biomagnification  does  not  occur.  Chromium  is 
accumulated  in  aquatic  and  marine  biota  more  than  in  ambient  water  and  less  than  in 
sediments  (5439). 

One  other  source  of  exposure  to  chromium  is  cigarettes  which  reportedly  contain  0.24- 
14.6  mg  of  chromium/kg  (5452,  5468),  or  1.4  pg/cigarette  (5469).  Assuming  that  only  a 
small  fraction  of  the  chromium  will  be  inhaled  and  perhaps  only  half  of  that  will  be 
deposited  in  the  lung,  it  is  estimated  that  chromium  retained  by  smoking  20  cigarettes  a 
day  would  not  exceed  a  few  micrograms  per  day  (5432). 

TLUS  Biological  Mom'toring 

Chromium  is  an  essential  element  required  for  normal  glucose  tolerance.  The  daily 
intake  ranges  from  5-115  pg,  only  1-25%  of  which  is  absorbed  from  the  gastrointestinal 
tract  (5474).  The  normal  scrum  chromium  level  averages  about  0.16  pg/L  (range=0.04- 
0.35  pg/L)  in  healthy  individuals  (5475,  5476).  Normal  chromium  concentrations  in  urine 
average  4-5  pg/L  and  the  urinary  excretion  rate  ranges  from  1.6-21  pg/day  (5463).  Urinary 
chromium  concentrations  in  occupationally  exposed  subjects  range  from  30-200  pg/L  in 
welders  (5459). 

Chromium  in  urine  is  a  good  indicator  of  exposure  to  chromium  VI,  but  not  to 
chromium  III.  Serum  chromium  increases  after  exposure  to  chromium  III  chromium  VI, 
however,  accumulates  in  RBCs  (5422).  As  a  measure  of  exposure,  urinary  chromium  levels 
correlate  well  with  air  concentrations  of  chromium,  especially  with  high  air  concentrations 
of  chromium  VI  (5474,  5422).  The  correlation  breaks  down  at  the  low  exposure 
concentration.  ATSDR  (5422)  summarized  methods  for  analyzing  chromium  in  biological 
samples. 


O  HUMAN  HEALTH  CONSIDERATIONS 

The  data  presented  in  this  section  concerns  many  chromium  compounds  most  of  which 
are  hexavalent  (Cr(VI))  or  trivalent  (Cr(III)).  For  the  most  part,  the  human  data  are 
obtained  from  studies  of  occupational  exposure  in  various  industries,  namely,  those 
involved  with  the  primary  production  of  chromium  compounds  (hexavalent  and  trivalent 
compounds  of  varying  solubilities),  chromeplating  (chromium  trioxide),  the  production  and 
use  of  chromium  pigments  (strontium,  lead,  and  zinc  chromates),  and  the  ferrochromium 
industry  (chromium  oxide).  The  data  indicate  that  the  hazards  of  exposure  to  chromium 
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compounds  can  be  associated  with  the  industry,  but  not  always  with  speciflc  compounds. 


Data  concerning  mammalian  toxicity  of  chromium  compounds  are  extensive.  Pertinent 
reviews  are  as  follows;  NIOSH  (5413),  lARC  (5477),  U.S.  EPA  (5478),  U.S.  EPA  (5407, 
5479,  5480,  5422).  In  addition,  sodium  chromate  was  addressed  in  the  Installation 
Restoration  Program  Toxicology  Guide,  Volume  3,  Chapter  No.  53. 

723.1  Animal  Studies 

723.1.1  Carcinogenicity 

Long-term  studies  conducted  with  chromium  compounds  have  shown  very  few 
toxicologic  effects  and  no  neoplastic  effects  when  the  compounds  are  administered  orally 
to  laboratory  animals.  Compounds  tested  include  potassium  chromate  [Cr(VI)],  chromic 
chloride  [Cr(III)]  (5481),  and  chromic  oxide  [Cr(III)]  (5482). 

Several  studies  have  been  conducted  in  which  chromium  compounds  were  administered 
by  inhalation  or  by  intratracheal  instillation.  Baetjer  et  al.  (5483)  exposed  mice  and  rats 
by  inhalation  or  intratracheal  injection  to  mixed  chromate  dust  containing  both  Cr(III)  and 
Cr(VI).  Lung  carcinomas  were  not  induced  and  the  incidence  of  lung  adenomas  was  not 
increased  in  either  mice  or  rats.  Mice  exposed  intratracheally  to  basic  potassium  zinc 
chromate  or  barium  chromate  did  not  develop  lung  carcinomas  or  show  an  increase  in  the 
incidence  of  lung  adenomas.  Hueper  and  Payne  (5484)  injected  rats  intratracheally  with 
2  mg  of  calcium  chromate,  strontium  chromate,  or  zinc  chromate  every  2  months  for  5 
injections,  and  the  animals  were  observed  for  2  years.  No  lung  tumors  developed. 

Bronchiogenic  carcinomas  were  not  induced  in  rabbits,  guinea  pigs  or  rats  exposed  to 
a  mixed  chromate  dust  plus  potassium  dichre^ate  (2  daysAveek),  sodium  chromate  mist 
(1  dayAveek),  or  chromate  dust  with  sodium  chromate  leached  out  and  1%  potassium 
chromate  added  (1  dayAveek).  The  animals  were  exposed  4-5  hr/day  for  their  entire 
lifetime.  Rabbits  and  guinea  pigs  receiving  mixed  chromate  dust  containing  both  zinc  and 
lead  chromate  at  1%  concentration  in  saline  intratracheally  at  3-month  intervals  for  a  total 
of  three  to  five  injections  for  rabbits  and  six  injections  for  guinea  pigs  also  did  not  develop 
bronchiogenic  carcinomas.  In  addition,  rats  receiving  intratracheal  injections  of  mixed 
roast  chromate  dust  containing  0.6%  potassium  dichromate  monthly  for  16  months  and 
mice  receiving  zinc  chromate  intratracheally  every  6  weeks  for  6  injections  did  not  develop 
bronchiogenic  carcinomas  (5485). 

Nettesheim  et  al.  (5486),  however,  reported  a  fourfold  increase  in  the  incidence  of 
pulmonary  adenomas  in  mice  exposed  by  inhalation  to  13  mg/m^  of  calcium  chromate  dust 
(5  hr/day,  5  days/wcek)  for  their  lifetime.  A  suppression  in  the  tumor  response  was  seen 
in  mice  infected  with  PR8  viruses  and  exposed  to  calcium  chromate.  Half  the  animals  also 
received  lOOR  whole  body  X-irradiation  prior  to  chromate  exposure,  which  alone  caused 
an  increase  in  the  incidence  of  lung  tumors  that  was  not  additive  with  that  induced  by 
calcium  chromate. 
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Rats  exposed  by  inhalation  to  sodium  dichromate  dust  or  to  the  slightly  soluble 
chromium  oxide  (CrjOij)  containing  both  Cr(VI)  and  Cr(III)  in  a  ratio  of  3:2  for  18 
months  showed  a  very  weak  tumor  response  (5487).  Two  lung  adenomas,  one  lung 
adenocarcinoma  and  one  malignant  tumor  of  the  pharynx  were  induced  in  animals  exposed 
to  the  highest  concentration  of  sodium  dichromate  (100  pg/m^)  and  one  adenoma 
developed  in  animals  exposed  to  chromium  oxide.  Lee  et  al.  (54^)  reported  that  rats 
exposed  to  0.54-22  mg/m^  of  chromium  dioxide  [Cr(rV)]  6  hr/day,  5  daysAveek  for  2  years 
developed  a  unique  tumor  in  the  lungs  describixl  as  a  cystic  keratinizing  squamous  cell 
carcinoma  (2/108  females;  none  in  males).  According  to  Lee  et  al.  (5488),  these  tumors 
developed  from  metaplastic  squamous  cells  in  areas  of  alveolar  bronchiolarization  adjacent 
to  alveolar  ducts. 

723.1.2  Gcnotoxicity 

De  Flora  et  al.  (5489)  reviewed  700  results  for  32  pure  chromium  cnemicals  or  industrial 
chromium  products  and  some  chromium  complexes  that  were  assayed  in  130  experimental 
systems  having  different  genetic  endpoints  and/or  targets.  The  data  for  these  compounds 
were  analyzed  based  on  oxidation  state  and  solubility  of  the  compounds  in  water  or  the 
experimental  media;  the  different  categories  of  compounds  are  as  listed  below. 


HEXAVALENT  CHROMIUM  COMPOUNDS 


HIGHLY  SOLUBLE 

Potassium  dichromate 
Sodium  dichromate 
Ammonium  dichromate 
Potassium  chromate 
Sodium  chromate 
Ammonium  chromate 
Chromium  trioxide 


SOLUBLE 

Calcium  chromate 
Strontium  chromate 
Basic  zinc  chromate 


POORLY 

Zinc  chromate 
Lead  chromate 
Basic  lead  chromate 
Barium  chromate 


TRIVALENT  CHROMIUM  COMPOUNDS 


HIGHLY  SOLUBLE 

Chromic  chloride 
Chromic  acetate 
Chromic  sulfate 
Chromic  nitrate 


SOLUBLE 

Basic  chromic  sulfate 
Chromic  phosphate 
Chromium  alum 
Chromite  ore 


POORLY  SOLUBLE 

Chromic  oxide 
Cupric  chromite 
Chromic  hydroxide 


The  highly  soluble  Cr(VI)  compounds  were  mostly,  but  not  always  consistently 
positive  in  acellular  systems  (isolated  DNA  or  isolated  nuclei).  Highly  soluble  Cr(VI) 
compounds  were  consistently  positive  in  bacteria,  yeast,  insect,  and  mammalian  cells  in 
vitro,  inducing  either  DNA  damage,  mutations,  sister  chromatid  exchanges  (SCE)  or 
chromosomal  aberrations.  Cr(Vl)  compounds  were  also  genotoxic  in  whole  animal  assays 


CHROKOUM 


72-51 


resulting  in  SCEs,  chromosomal  aberrations,  induction  of  micronuclei,  and  induction  of 
dominant  lethals.  The  results  for  soluble  Cr(VI)  compounds  were  comparable  to  the 
highly  soluble  compounds,  and  the  poorly  soluble  or  insoluble  compounds  were  sometimes 
positive  in  mammalian  cells  without  acid  or  alkali  solubilization,  but  for  the  most  part, 
solubilization  was  required.  Nevertheless,  mutagenicity  data  are  extremely  limited  or 
poorly  soluble  or  insoluble  chromium  compounds. 

Cr(III)  compounds  generally  gave  negative  results  or  were  less  potent  than  Cr(VI) 
compounds  in  intact  cells;  these  compounds  were  consistently  positive  in  acellular  systems. 
The  positive  results  of  Cr(III)  compounds  could  have  been  due  to  contamination  with 
Cr(VI)  compounds,  nonspecific  effects  at  the  high  concentration  required  for  a  positive 
effect,  endocytosis  during  the  prolonged  exposure  time  required,  experimental  conditions 
that  altered  cell  membranes  and  allowed  more  efficient  penetration,  or  experimental 
artifacts  (5489).  Metallic  chromium  can  be  phagocytized  by  hamster  fibroblasts,  but  did 
not  induce  cell  transformation.  Fumes  of  metallic  chromium  inhaled  by  rats  induced  SCEs 
and  chromosomal  aberrations  in  peripheral  lymphocytes  (5489).  According  to  De  Flora 
et  al.  (5489)  some  oxidation  of  the  chromium  could  have  occurred. 

In  a  human  study  conducted  by  Sarto  et  al.  (5490),  chromosomal  aberrations  and 
SCEs  were  analyzed  in  peripheral  lymphocytes  of  workers  exposed  to  chromium  trioxide 
while  using  the  "bright"  chromeplating  or  the  "hard"  chromeplating  process.  Workers  using 
the  bright  process  were  also  exposed  to  nickel,  whereas  those  using  the  hard 
chromeplating  process  were  not.  Among  exposed  workers  using  the  two  bright 
chromeplating  process,  the  number  of  chromatid-type  and  chromosome-type  aberrations 
and  the  total  number  of  aberrations  were  significantly  higher  than  those  of  controls 
(healthy  donors).  Among  hard  chromplaters,  the  number  of  chromatid-type  aberrations 
were  not  increased,  but  the  chromosome-type  and  the  total  number  of  aberrations  were 
significantly  increased.  Increased  chromosomal  aberrations  were  associated  with  duration 
of  exposure  (^3  years  vs.  >3  years)  for  bright  chromeplaters  only.  The  frequency  of  SCEs 
was  significantly  higher  among  chromeplaters  than  among  controls,  especially  among  the 
young  workers.  The  frequency  of  SCEs  was  also  linearly  associated  with  urinary  chromium 
level  and  positively  associated  with  smoking  history.  A  multiple  correlation  showed  a  high 
frequency  of  SCEs  among  young  workers  with  high  urinary  chromium  levels.  Nagaya  et 
al.  (5491)  reported  that  the  frequency  of  SCEs  in  a  group  of  hard  chromeplaters  was  not 
significantly  higher  than  in  the  controls  (unexposed  workers),  but  a  significantly  higher 
frequency  of  SCEs  was  found  among  smokers,  whether  they  were  in  the  control  or 
exposed  groups. 

It  is  believed  that  the  mechanism  which  accounts  for  the  genotoxic  activity  of  Cr(VI) 
compounds  and  the  general  inactivity  of  Cr(III)  compounds  is  related  to  the  ability  of 
anionic  chromates  of  Cr(VI)  to  be  taken  up  by  cells  via  the  general  anion  channel  protein 
and  the  inability  or  inefficiency  of  cationic  Cr(III)  uptake  by  cells.  Through  a  reduction 
process  involving  cytoplasmic  electron  donors  (NADPH  or  NADH)  and  cytosolic, 
microsomal,  and  mitochondrial  enzymes,  Cr(VI)  is  reduced  to  Cr(V)  and  Cr(IV) 
intermediates  and  then  to  Cr(III),  which  can  interact  with  the  genetic  material  within  the 
cells  (5489). 
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723.13  Teratogenicity,  Embiyotoxicity  and  Reproductive  Effects 

No  oral  or  inhalation  studies  were  found  on  the  developmental  or  reproductive 
effects  of  chromium  compounds.  The  following  is  a  summary  of  the  effects  as  a  result  of 
parenteral  administration  of  chromium  compounds. 

Danielsson  et  al.  (5492)  reported  that  radioactive  sodium  dichromate  [Cr(VI)] 
injected  into  pregnant  mice  was  more  efficiently  taken  up  by  the  fetus  than  radioactive 
chromic  chloride  [Cr(III)].  During  the  organogenesis  stage  (day  8-11)  of  gestation,  Cr(VI) 
was  distributed  evenly  in  embryonic  tissues,  whereas  Cr(III)  was  not  detected  by 
autoradiography.  By  day  12-15  (mid-gestation)  fetal  uptake  of  Cr(VI)  was  increased 
(about  12%  of  maternal  serum  concentration)  and  Cr(III)  was  still  low  (about  0.4%  of 
maternal  serum  concentration).  Fetal  uptake  during  late  gestation  (day  16-18)  was  about 
19%  for  Cr(VI)  and  0.8%  for  Cr(III),  with  a  particularly  higher  uptake  in  the  calcified 
areas  of  the  fetal  skeleton.  Maternal  uptake  was  especially  high  in  the  renal  cortex  for 
Cr(VI),  but  both  Cr(VI)  and  Cr(III)  were  seen  in  the  skeleton,  liver,  kidneys,  ovaries, 
brain,  and  muscle.  Matsumoto  et  al.  (5493)  noted  maternal  uptake  in  liver,  kidneys,  and 
spleen  of  pregnant  mice  injected  intraperitoneally  with  chromic  chloride. 

Gale  (5494)  injected  one  noninbred  and  five  inbred  strains  of  hamsters  intravenously 
with  5  mg/kg  of  chromium  trioxide  [Cr(VI)]  or  with  demineralized  distilled  water  (controls) 
on  day  8  of  gestation  and  sacrificed  the  animals  on  day  15  for  examination.  The  most 
frequent  abnormalities  were  cleft  palate  in  the  noninbr^  strain  and  in  two  of  the  inbred 
strains,  hydrocephalus  in  the  noninbred  strain,  external  abnormalities  (edema,  omphalocele, 
tail  bud  abnormalities  and  encephalocele)  in  the  same  strains  as  cleft  palates,  and 
increased  resorptions  in  the  noninbred  strain.  The  frequencies  of  abnormalities  and 
resorptions  were  not  statistically  significant  in  the  other  three  inbred  strains.  This  study 
showed  that  a  Cr(VI)  compound  is  developmentally  toxic,  but  these  effects  may  be 
genetically  determined. 

Female  mice  injected  subcutaneously  with  0,  9.76  or  19.52  mg  Cr/kg  of  chromic 
chloride  [Cr(III)]  every  other  day  from  day  0  to  day  16  of  gestation  showed  no  significant 
effects  on  the  fetuses  when  killed  on  day  18  (5493).  A  dose  of  19.52  mg  Cr/kg  injected 
intraperitoneally  on  day  7,  8  or  9  caused  the  highest  frequency  of  fetal  deaths  when 
injected  on  day  9  and  the  highest  frequency  of  malformations  when  injected  on  day  8. 
Malformations  included  exencephaly,  open  eyelids,  cleft  palates,  and  fused  ribs. 

lijima  et  al.  (5495)  showed  that  radioactive  chromic  chloride  [Cr(III)]  injected 
intraperitoneally  into  mice  on  day  8  of  gestation  is  taken  up  by  the  fetus  and  that 
nonradioactive  chromic  chloride  (19.5  mg  Cr/kg  as  CrCl36H20)  injected  intraperitoneally 
on  day  8  of  gestation  resulted  in  cell  death  within  the  neuroepithelium  8  hr  after  injection 
and  defects  in  the  neural  tube  24  hr  after  injection. 
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723.1.4  Other  Toxicologic  Effects 
72.2.1.4.1  Short-term  Toxicologic  Effects 

The  oral  LD5QS  reported  for  soluble  Cr(VI)  compounds  range  from  54  mg/kg  lui 
ammonium  dichromate  in  the  rat  (5409)  to  300  mg/kg  for  potassium  chromate  in  the 
mouse  (5410).  For  low  solubility  or  insoluble  Cr(Vl)  compounds  the  LDjqS  range  from 
3.118  to  12  g/kg  in  the  rat  and  mouse,  respectively  (5404).  The  LD50  for  the  trivalent 
chromic  acetate  is  11.26  g/kg  in  the  rat  and  for  the  divalent  chromous  chloride  [Cr(ll)], 
it  is  1.87  g/kg  in  the  rat  (5411). 

Lethal  doses  of  sodium  chromates,  (Kttassium  dichromate  and  ammonium  dichromatc 
cause  systemic  toxic  effects  of  hypoactivity,  lacrimation,  mydriasis,  diarrhea,  and  changes 
in  body  weight.  Gross  necropsy  effects  include  pulmonary  congestion,  fluid  in  the  stomach 
and  intestine,  and  erosion  and  discoloration  of  the  gastrointestinal  mucosa  (5409). 
Symptoms  resulting  from  lethal  doses  of  chromium  trioxide  include  cyanosis,  tail  necrosis, 
diarrhea,  and  gastric  ulcers  (5496).  No  studies  were  found  on  the  effects  of  acute 
exposure  to  sublethal  doses  of  chromium  compounds  administered  orally. 

The  kidney  has  been  reported  to  be  the  main  target  of  short-term  exposure  to 
trivalent  and  hexavalcnt  chromium  compounds  administered  parenterally  to  laboratory 
animals,  with  effects  occurring  at  1-2  mg/kg  (5407).  Renal  damage  has  also  been  reported 
in  humans  exposed  to  chromium  compounds  occupationally  or  by  accidental  or  intentional 
ingestion,  indicating  that  the  kidney  is  also  a  target  for  chromium  toxicity  in  humans.  The 
liver  also  appears  to  be  a  target  for  both  Cr(III)  and  Cr(VI)  compounds,  but  Cr(VI) 
compounds  are  more  toxic  to  the  liver  (5497).  The  following  study  showing  renal  toxicity 
in  rats  injected  subcutaneously  with  potassium  dichromate  is  included. 

Gumbleton  and  Nicholls  (5498)  conducted  a  study  on  the  effects  of  single  sublethal 
doses  potassium  dichromatc  administered  by  subcutaneous  injection  to  assess  renal  damage 
(function  and  integrity)  in  male  Wistar  rats  as  measured  by  in  vivo  noninvasive  technique 
based  on  the  analysis  of  proteins  and  enzymes  in  urine.  The  release  of  tissue  enzymes  into 
urine  is  an  early  and  sensitive  indicator  of  renal  toxicity  (5498).  Rats  were  injected  with 
doses  of  0,  3,  6,  10,  15,  or  20  mg/kg  and  evaluated  52-72  hr  after  injection  (dose-response 
study)  or  they  were  injected  with  20  mg/kg  and  evaluated  from  4  hr  to  9  days  after 
injection  (time-response  study).  The  analyses  included  the  following  enzymes:  aspartate 
aminotransferase  (AST)  and  lactate  dehydrogenase  (LDH)  (cytosolic  enzymes),  N-acetvl-fi- 
D-glucosamidase  (NAG)  (lysosomal  enzyme)  T-glutamyl  transferase  (t-GT),  alkaline 
phosphatase  (AP),  and  leucine  aminopeptidase  (LAP)  (brush  lx)rdcr  enzymes).  Cytosolic 
and  lysosomal  enzymes  showed  elevated  excretion  rates  between  10-20  mg/kg.  and  the 
brush  border  enzymes  were  unchanged.  Potassium  dichromatc  caused  necrosis  of  the 
proximal  tubules  in  the  outer  cortex  of  the  kidney,  which  became  more  severe  with  dose; 
necrosis  of  the  inner  cortex  was  seen  at  the  highest  dose.  AP  was  lost  from  the  outer 
cortex  and  became  progressively  more  severe  with  dose;  AP  was  lost  from  the  inner  ctutex 
at  the  highest  dose.  The  time-response  study  showed  transient  elevation  of  AST,  LDH. 
NAG,  AP,  t-GT,  and  LAP.  Necrosis  of  the  proximal  tubules  in  the  outer  renal  airtex 
became  progressively  more  severe  through  day  3  and  recovery  was  noted  on  day  6.  A 
transient  loss  of  AP  from  the  inner  and  outer  renal  cortex  was  noted. 
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Studies  on  the  lethality  of  chromium  compounds  by  inhalation  show  LCj^s  ranging 
from  5  mg/m’  in  humans  for  zinc  chromate  (5404)  to  94  mg/m’  for  potassium  dichromate 
(5409)  to  158  mg/m’  for  ammonium  dichromate  in  the  rat  (5409).  Clinical  signs  of  toxicity 
include  respiratory  distress  and  irritation  and  body  weight  loss  (5409). 

In  a  study  by  Johansson  et  al.  (5499,  5500),  no  effects  were  observed  on  the 
morphology  of  the  lungs  in  rabbits  exposed  to  aerosols  of  sodium  chromate  [0.9  mg 
Cr(^)/m’]  or  to  chromium  nitrate  [0.6  mg  Cr(III)/m’],  6  hr/day,  5  days/week,  for  4-6 
weeks.  Pulm.onary  macrophages  accumulated  in  intraalvcolar  or  intrabronchiolar  spaces 
as  nodules  and  appeared  as  "naked"  granulomas.  The  macrophages  were  enlarged, 
multinucleated,  or  vacuolated.  Sodium  chromate  affected  the  morphology  of  the 
macrophages,  but  chromium  nitrate  affected  both  the  morphology  and  function  of  the 
macrophages. 

Both  Cr(VI)  and  Cr(III)  compounds  can  be  absorbed  from  the  skin,  and  the  degree 
of  absorption  appears  to  be  a  function  of  valence  state,  anionic  form  and  concentration 
and  pH  of  the  solution  (5407).  Gad  et  at.  (5409)  calculated  dermal  LD50  values  for  New 
Zealand  rabbits  to  which  1. 0-2.0  g/kg  of  ammonium  dichromate  or  potassium  dichromatc 
was  wetted  with  physiological  saline  and  applied  topically.  The  LD50  was  1.86  g/kg  for 
ammonium  dichromate  in  male  rabbits  and  1.34  g/kg  in  female  rabbits;  for  potassium 
dichromate,  the  LD50S  are  1.15  g/kg  for  male  rabbits  and  1  40  g/kg  for  female  rabbits.  The 
clinical  effects  due  to  applying  lethal  doses  of  these  Cr(VI)  compounds  to  the  skin  include 
dermal  necrosis,  eschar  formation,  dermal  corrosion,  diarrhea,  hypoactivity,  and  dermal 
edema  and  erythema.  Dermal  corrosion  and  irritation  potential  of  the  compounds  was 
tested  by  applying  the  dry  salt,  because  the  wetted  compounds  had  the  potential  to  be 
extremely  irritating  in  a  standard  24-hr  primary  dermal  irritation  test  (5409).  Therefore, 
they  used  a  4-hr  treatment  protocol  with  48-hr  observation  time.  Under  these  conditions, 
potassium  dichromate  was  not  a)rrosive  or  irritative  as  a  dry  solid;  it  caused  irritation,  but 
no  corrosion,  when  wetted.  Ammonium  dichromate  was  not  corrosive  either  as  a  dry  solid 
or  when  wetted,  but  did  cause  irritation  that  was  more  pronounced  when  wetted. 

The  induction  of  chromium  hypersensitivity  in  laboratory  animals,  especially  guinea 
pigs  has  been  reviewed  by  U.S.  EPA  (5407).  Both  Cr(lll)  and  Cr(Vl)  compounds  arc 
capable  of  evoking  a  reaction.  The  order  of  potency  for  various  Cr(lII)  compounds 
evoking  allergic  reactions  in  guinea  pigs  is  as  follows:  chromic  chloride  >  chromic  nitrate 
>  chromic  sulfate  >  chromic  acetate  >  chromic  oxalate  (5501).  The  vehicle  used  for  the 
test  appears  to  affect  the  ability  of  chromium  compounds  to  induce  hypersensitivity. 
Schwarz-Spcck  and  Grundmann  (5502)  demonstrated  that  sensitization  in  guinea  pig  a)uld 
be  induced  by  chromium  sulfate  [Cr(lII)]  dissolved  in  the  detergent  Triton  X-100  and  by 
potassium  dichromatc  [Cr(VI)]  dissolved  in  an  aqueous  .solution.  Mor  et  al.  (5503)  failed 
to  demonstrate  hypersensitivity  in  bALB/c  mice  using  potassium  dichromatc  dissolved  in 
Triton  or  methanol.  Potassium  dichromate  as  a  1%  solution  in  dimethyl  sulfoxide 
(DMSO)  applied  topically  in  a  one  step  protocol  (applied  on  day  0  and  1,  ear  challenged 
on  day  7)  induced  hypersensitivity  in  one  of  three  groups  of  BALB/c  mice.  A  stepwise 
sensitization  protocol  (topical  application  on  day  0  and  1,  8  and  9,  1 7  and  18;  car  challenge 
on  day  23)  using  1%  potassium  dichromatc  in  DMSO  induced  hypersensitivity  in  BALB/c 
mice  and  in  the  random  bred  ICR  mice. 


CHROMIUM 


72-55 


723.1.4^  Subchronic  and  Chronic  Toxidty 

Very  few  studies  have  been  conducted  on  the  subchronic  or  chronic  oral  toxicity  of 
chromium  compounds.  Ivankovic  and  Preussman  (5482)  amducled  a  90-day  subchronic 
feeding  study  in  BD  rats  administered  bread  containing  0,  2,  or  5%  chromic  oxide  [CrjO^, 
Cr(III),  pigment].  The  2%  diet  supplied  a  total  dose  of  72-75  g/kg  and  the  5%  diet 
supplied  160-170  g/kg.  No  effects  on  hematology,  clinical  chemistry,  or  urinalysis  values 
were  observed,  and  no  gross  or  microscopic  lesions  were  found.  Ivankovic  and  Preussman 
(5482)  noted  that  the  color  of  the  feces  indicated  significant  fecal  excretion  of  the 
pigment.  They  found  that  4.9-5.0  g  (83-85%)  of  a  single  administered  dose  of  5.9  g  of 
chromic  oxide  was  recovered  in  the  feces  within  4  days  of  dosing,  indicating  that  very  little 
of  chromic  oxide  was  absorbed  from  the  gastrointestinal  tract.  Nettesheim  et  al.  (5486) 
reported  that  mice  subchronically  exposed  by  inhalation  to  30  mg/m^  of  calcium  chromate 
[Cr(VI)]  showed  a  rapid  loss  of  weight,  fatty  liver,  distended  and  atrophic  intestines,  and 
early  death. 

MacKenzie  et  al.  (5481)  conducted  a  chronic  study  in  which  Sprague-Dawley  rats 
were  administered  0,  0.45,  2.2,  4.5,  7.7,  or  11  ppm  of  chromium  as  potassium  chromate 
[Cr(VI)]  in  drinking  water  for  1  year.  Chromium  was  absorbed  frr)m  the  gastrointestinal 
tract  and  accumulated  in  liver,  kidney,  bone,  and  spleen,  but  compt)und-related  gross  or 
microscopic  lesions  were  not  found.  Additional  groups  of  animals  received  0  or  25  ppm 
of  chromium  as  potassium  chromate  or  chromic  chloride  (Cr(III)]  for  1  year.  Chromium 
was  absorbed  and  accumulated  in  the  various  tissues;  about  nine  times  more  chromium 
accumulated  in  tissues  of  animals  receiving  potassium  chromate  than  in  those  receiving 
chromic  chloride.  Compound-related  gross  or  microscopic  effects  were  not  observed. 
Anwar  et  al.  (5504)  reported  that  dogs  given  0,  0.45,  2.25,  4.5,  6.75,  or  1 1 .2  ppm  of 
chromium  as  potassium  chromate  for  4  years  accumulated  chromium  in  the  liver,  kidney, 
and  spleen,  but  no  toxic  effects  attributable  to  chromium  exptisure  were  found. 

No  gross  or  microscopic  effects  attributable  to  chromium  were  found  in  BD  fed  rats 
bread  into  which  0,  1,  2,  or  5%  chromic  oxide  |Cr(III)J  was  ina>rporated  (5482).  The 
animals  received  the  compound  5  days/wcek  for  2  years.  The  total  doses  were  360  g/kg 
(1%),  720  g/kg  (2%),  and  1800  g/kg  (5%). 

Baetjer  et  al.  (5483)  exposed  C57  Black,  Swiss,  and  A  strain  mice  and  Wisler  and 
McCollum  hybrid  rats  by  inhalation  to  mixed  chromate  dust  containing  lx)th  Cr(III)  and 
Cr(VI)  at  concentrations  of  1  to  2  mg/m^  (mice)  or  2  to  3  mg/m^  (rats)  measured  as 
chromium  trioxidc.  The  animals  were  exposed  4  hr/day,  5  days/week  until  death  or 
sacrifice.  Only  an  increase  in  the  incidence  of  pneumonia  was  noted  in  exposed  mice  that 
died;  no  exposure-related  effects  were  noted  in  the  lungs  of  the  rats. 

Steffee  and  Baetjer  (5485)  exposed  8  rabbits,  50  guinea  pigs,  and  78  rats  to  mixed 
chromate  dust  containing  potassium  dichromate  (Cr(VI)]  and  sexlium  chromate  (Cr(Vl)] 
at  concentrations  of  3  to  4  mg/m^  (measured  as  CrOj),  4  to  5  hr/day,  4  days/week  for  their 
entire  lifetime  or  until  "sign  of  illness  appeared."  Nasal  f)erforations  were  noted  in  25 
percent  of  the  rabbits  and  rats;  guinea  pigs  were  not  examined  for  nasal  lesions. 
Microscopic  examination  of  the  lungs  showed  a  characteristic  foreign  Ixxly-type 
inflammatory  reaction,  especially  in  rats.  Granulomas,  bronchopneumonia,  alveolar  and 
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interstitial  inflammation,  hyperplasia  or  hypertrophy  of  the  alveolar  epithelium,  and/or 
interstitial  fibrosis  were  seen  in  all  species.  No  significant  systemic  effects  were  noted. 

Nettesheim  et  al.  (5486)  noted  severe  toxic  effects  in  C57B1/6  mice  exposed  to  13 
mg/m^  of  calcium  chromate  (CaCr04),  5  hr/day,  5  days/week  for  their  entire  lifetime. 
Animals  exposed  for  6  months  or  more  showed  dramatic  effects  in  the  respiratory  tract 
characterized  by  bronchial  epithelial  changes  ranging  from  necrosis  to  atrophy  or  marked 
hyperplasia.  Massive  inflammatory  infiltration  into  the  subepithelial  tissues  was  noted. 
Bronchial  epithelial  cells  proliferated  down  into  the  alveolar  region  ("bronchiolarization"). 
Alveolar  proteinosis,  associated  with  distension  of  terminal  bronchioli  and  alveoli, 
resembling  emphysema  was  also  noted. 

Lee  et  al.  (5488)  exposed  male  and  female  Sprague-Dawley  rats  to  chromium 
dioxide  [Cr(IV)]  0.5  mg  (stabilized),  0.5  mg  (unstabilized),  or  25  of  Cr02  mg/m*  (nominal 
concentrations)  for  6  hr/day,  5  days/week  for  2  years.  The  effects,  characterized  as  a 
nuisance  dust  reaction  at  25  mg/m*  are  as  follows:  accumulation  of  dust-laden 
macrophages.  Type  II  pneumonocyte  hyperplasia,  slight  collagen  fibrosis,  alveolar 
bronchiolarization,  foamy  macrophage  response,  cholesterol  granulomas,  alveolar 
proteinosis,  and  minute  fibrotic  pleurisy. 

Glaser  et  al.  (5487)  exposed  male  Wistar  rats  by  inhalation  to  the  slightly  soluble 
chromium  oxide  (CrjO,!)  at  100.8  pg  Cr/m*  containing  both  Cr(VI)  and  Cr(III)  in  a  ratio 
of  3:2.  The  animals  were  continuously  exposed  (22  to  23  hr/day)  7  days/week  for  18 
months  and  observed  for  an  additional  12  months.  The  blood  leukocyte  count  was  slightly 
increased,  and  the  red  blood  cell,  hematocrit,  and  hemoglobin  counts  were  significantly 
increased.  Relative  lung  weights  were  significantly  increased,  and  histopathological 
examination  showed  accumulation  of  pigment-loaded  macrophages  in  the  alveolar  and 
peribronchial  regions.  In  addition,  an  eosinophilic  substance  accumulated  in  the  alveolar 
lumen  of  three  rats  and  focal  thickened  septa  were  seen  in  three  rats,  along  with 
interstitial  fibrosis  in  two  of  the  same  rats.  The  investigators  attributed  these  effects  to  the 
retention  of  chromium  in  the  lungs,  which  they  calculated  to  be  19  p)ercent  of  the  total 
chromium  deposited  during  the  entire  exposure  period. 

723.2  Human  and  Epidemiologic  Studies 

7233.1  Short-term  Toxicologic  Effects 

The  effects  of  acute  oral  exposure  to  chromium  have  been  documented  in  a  case 
study  of  a  44-year  old  Hispanic  male  who  ingested  a  liquid  identified  as  chromic  acid 
(5505).  The  patient  was  tachycardiac  and  tachypneic  and  had  signs  of  abdominal 
tenderness  on  admission  to  the  hospital.  Effects  observed  during  a  28-day  hospitalization 
were  as  follows:  persistent  metabolic  acidosis,  hypotension  leading  to  acute  renal  tubular 
necrosis,  respiratory  difficulty,  severe  anemia,  extensive  ulcerations  of  the  esophagus, 
stomach,  and  duodenum,  and  decreased  peristalsis.  The  patient  died  at  home,  probably 
from  severe  gastrointestinal  hemorrhage.  Overdose  of  chromium  was  confirmed  by 
extremely  high  levels  of  chromium  in  the  plasma  and  urine.  According  to  Saryan  and 
Reedy  (5505,  citing  information  from  5506),  Cr(VI)  compounds  causes  abdominal  pain  and 
vomiting,  followed  by  oliguria  due  to  acute  tubular  necrosis  attributed  to  a  direct  toxic 
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effect  on  renal  tubular  epithelial  cells.  These  effects  are  seen  in  almost  all  cases  of 
overdosage.  Hepatic  failure  develops;  gastrointestinal  hemorrhage,  intravascular  hemolysis 
and  uremia  cause  a  marked  drop  in  hemoglobin;  and  CNS  effects  may  result  directly  or 
indirectly  from  hepatic  and  renal  failure.  Autopsy  findings  include  necrosis,  hemorrhage 
and  fatty  degeneration  of  the  liver,  cerebral  edema,  and  meningoencephalitis.  Potassium 
dichromate  in  doses  of  0.5-0.8  g  (5506)  and  1-2  g  of  chromic  acid  arc  reported  to  be  lethal 
in  humans;  but  other  reports  claim  that  recovery  occurs  after  doses  as  large  as  5-15  g 
(5505). 

Short-term  inhalation  or  dermal  exposure  to  chromium  compounds  can  cause  some 
of  the  same  nonneoplastic  effects  as  long-term  exposure  (See  section  123.2.2).  Upper 
respiratory  tract,  pulmonary,  and  dermal  lesions  are  often  seen.  In  addition,  challenge  by 
inhalation  with  chromium  sulfate  [Cr(III)]  induced  asthmatic  effects  (5507)  and  challenge 
with  sodium  chromate  (Cr(VI))  induced  an  anaphylactoid  reaction  in  workers  with  prior 
exposure  to  chromium  (5508).  According  to  Franchini  and  Mutti  (5509),  the  kidney 
should  be  regarded  as  the  critical  target  for  chromium,  where  exjxjsure  causes  acute 
tubular  necrosis  and  renal  failure. 

Systemic  poisoning  has  been  reported  after  extensive  burns  with  hot  chromic  acid 
(5505). 

12322.  Chronic  Toxicologic  Effects 

Numerous  studies  regarding  the  effects  of  long-term  exposure  to  chromium 
compounds  in  humans  by  inhalation  arc  available;  many  of  these  are  epidemiology  studies 
using  morbidity  and  mortality  as  endpoints,  but  some  are  surveys  that  evaluated  the  health 
hazards  of  chromium  exposure  in  various  industries.  In  most  cases,  the  subjects  or  cohorts 
were  exposed  to  a  mixture  of  both  Cr(VI)  and  Cr(III)  compounds.  A  few  studies  have 
addressed  exposure  to  chromium  compounds  by  the  oral  route,  and  the  occurrence  of  skin 
lesions  due  to  dermal  contact  with  chromium  compounds  are  frequently  addressed  in 
health  hazard  surveys. 

There  is  some  evidence  that  chromium  deficiency  leads  to  impaired  glucose  tolerance 
and  weight  loss  (5510, 5511).  Consequently,  oral  studies  in  humans  involved  improvement 
of  glucose  tolerance  in  diabetic  or  hyperglycemic  patients  given  150-1000  pg/day  of 
chromic  chloride  [Cr(III)]  or  brewers  yeast  (the  highest  natural  source  of  biologically 
active  chromium)  for  periods  ranging  from  1-12  months.  Improvements,  which  were 
sometimes  sporadic  or  unpredictable  have  been  noted  (5510).  Serum  cholesterol  levels 
also  showed  a  decline  in  the  diabetic  and  hyperglycemic  patients  (5510). 

T1322.\  Epidemiology  Studies 

Machle  and  Gregorius  (5512)  re|X)rtcd  that  of  19.1  deaths  occurring  among  chromate 
production  workers  at  seven  plants,  66  (21.8%)  were  due  to  cancer  and  42  (6.1.8%)  of 
which  were  due  to  lung  cancer.  If  the  deaths  due  to  lung  cancer  were  excluded,  the 
cancer  deaths  were  not  higher  than  expected  compared  with  other  industrial  workers 
insured  by  Metropolitan  Life  (controls).  The  death  rate  due  to  lung  cancer  for  the  various 
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plants  ranged  from  18-50  times  the  expected  rate.  With  respect  to  age,  the  death  rate  was 
elevated  20-70  times  for  workers  ^50  years  of  age  and  10-40  times  for  workers  i50  years 
old.  In  addition,  these  authors  reported  that  the  mean  duration  of  exposure  prior  to  onset 
of  cancer  was  14.5  years.  Machle  and  Gregorius  (5512)  suggest^  that  bichromates, 
chromic  acid,  and  basic  chromic  sulfate  were  not  associated  with  lung  cancer,  because 
workers  at  a  plant  where  these  compounds  were  handled  experienced  no  deaths  due  to 
cancer.  MoncKhromates,  however,  were  associated  with  lung  cancer. 

Other  studies  conducted  over  the  years  have  shown  associations  between  exposure 
to  chromium  compounds  in  industries  either  producing  or  using  chromium  and  excess 
deaths  due  to  lung  cancer.  The  results  of  some  of  these  are  discussed  below. 

Brinton  et  al.  (551.'1)  reported  excess  deaths  due  to  cancer  of  the  respiratory  system 
and  to  other  causes,  among  workers  at  seven  chromate  producing  plants.  Taylor  (5514) 
conducted  a  study  on  a  a)hort  of  1212  workers  who  were  employed  at  three  chromate 
producing  plants  from  19.17-1940  and  followed  up  through  1960.  They  observed  that  the 
overall  standardized  mortality  ratio  (SMR)  for  five-year  time  intervals  between  1937  to 
1960  ranged  from  468  to  1865  for  deaths  due  to  respiratory  cancer;  the  overall  SMR  for 
1937-60  was  851.  Civilian  males  were  used  as  referents.  In  addition,  deaths  due 
nonneoplastic  respiratory  diseases  were  elevated,  with  SMRs  ranging  from  92  to  628  for 
five-year  time  intervals  and  an  overall  SMR  of  242. 

A  study  conducted  by  Hayes  et  al.  (5515)  on  a  cohort  of  2101  employees  (1803  were 
hourly  workers)  who  worked  at  a  chromium  production  plant  from  1945-74  and  who  bad 
worked  for  al  least  90  days  showed  an  excess  in  deaths  due  to  lung  cancer.  Of  a  total  of 
404  deaths  (SMR =0.92),  86  died  of  cancer  (SMR=1.02);  59  died  of  lung  cancer 
(SMR=2.02,  significant);  17  died  of  nonneoplastic  respiratory  diseases  (SMR=0.67);  and 
9  died  of  dLscases  of  the  genitourinary  system  (SMR =1.49,  nonsignificant).  A  case-control 
study  showed  that  the  relative  risk  was  significantly  elevated  for  workers  in  the  special 
products  and  bichromate  departments,  where  they  were  exposed  to  soluble  hexavalent 
chromium  compounds.  Braver  et  al.  (5516)  estimateJ  the  cumulative  exposures  to  Cr(VI) 
in  this  plant  and  determined  that  cumulative  exposures  of  670  and  354  pg/m^-years  (hired 
between  1945-49  and  1950-59,  resfxictivcly)  for  short  durations  were  associated  with  an 
SMR  of  1.8  for  lung  cancer.  Cumulative  exposures  of  3647  and  2930  pg/m^-years  (hired 
between  1945-49  and  1950-59,  respectively)  were  associated  with  SMRs  of  3.0  and  3.4, 
respectively.  According  to  Braver  et  al.  (5516),  there  is  a  potential  for  excess  lung  cancer 
risk  at  the  current  permissible  exposure  limits  for  Cr(VI)  of  52  pg/m^  because  workers 
could  accumulate  exptJsures  similar  to  those  estimated  in  this  study. 

Two  other  studies,  one  of  Britis!.  workers  at  three  plants  (5517)  and  one  of  Japanese 
workers  (5518),  showed  that  the  death  rate  due  to  lung  cancer  was  significantly  elevated 
among  workers  involved  in  the  manufacture  of  chromium  compounds.  The  study  in  British 
workers  also  showed  that  31  deaths  due  to  chronic  bronchitis  and  2  deaths  due  to  nasal 
cancer  at  one  plant  were  significantly  higher  than  expected  (5517).  The  morbidity  rate  due 
to  exposure  to  chromium  was  also  studied  in  the  Japanese  workers,  but  was  not  found  to 
be  significantly  increased  among  workers  exposed  to  chromium  (5518).  The  British 
workers  were  engaged  in  producing  sixlium  chromate  from  insoluble  chromium  in  chromite 
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ore  and  the  Japanese  workers  were  engaged  primarily  in  producing  Cr(VI)  compounds  or 
Cr(III)  compounds  from  <^r(VI)  compounds. 

Hayes  (5519)  reviewed  data  on  the  association  of  chromium  exposure  in  the  primary 
chromium  production  industry  and  respiratory  cancer  and  concluded  that  the  risks  appear 
to  be  extremely  high  and  may  be  specific  to  this  industry,  possibly  due  to  exposure  to  the 
moderately  soluble  calcium  chromate.  He  also  stated  that  the  workers  may  exposed  to 
Cr(III)  and  Cr(VI)  compounds  of  varying  solubilities. 

Occupational  exposure  to  chromium  compounds  occur  during  electroplating 
(chromeplating)  using  chromium  trioxide  (chromic  acid).  Several  epidemiologic  studies 
have  been  conducted  on  mortality  rate  among  chromeplaters.  Ranchini  et  al.  (5520) 
studied  a  cohort  consisting  116  hard  chromeplaters  and  62  bright  chromeplaters,  with 
subcohorts  based  on  those  with  slO  years  and  >10  years  of  exposure.  Franchini  et  al. 
(5520)  reported  average  air  concentrations  were  7  pg/m^  near  the  bath  and  3  pg/m^  in  the 
middle  of  the  room.  Urinary  chromium  concentrations  varied  over  the  years  and  ranged 
from  4-116  pg/g  of  creatinine  (1974-76),  1-28  pg/g  of  creatinine  (1977-79)  and  1-14  pg/g 
of  creatinine  (1980-81)  in  hard  chromeplaters.  In  bright  chromeplaters,  the  urinary 
chromium  concentrations  ranged  from  1-16  pig/g  of  creatinine  (1977-79)  and  1-9  pg/g  of 
creatinine  (1980-81).  The  mean  age  of  the  cohort  was  39.9  years  and  the  mean  duration 
of  exposure  was  13.6  years.  Among  those  with  a  latency  slO  years,  the  observed/expected 
deaths  were  15/15.4  for  total  deaths,  8/4.2  for  malignant  neoplasms  (p<0.07),  .3/0.9  for  lung 
cancer  (p<0.06),  and  4/1.4  for  gastrointestinal  cancer  (p<0.05).  Among  those  with  a 
latency  >10  years,  the  obscrved/cxpected  deaths  were  12/12.3  for  total  deaths,  7/3.5  for 
malignant  neoplasms  (p<0.07),  .3/0.8  for  lung  cancer  (p<0.05),  and  .3/1.2  for 
gastrointestinal  cancer  (p-value  not  given).  Almost  all  the  total  deaths  and  all  the  lung 
cancer  deaths  occurred  among  hard  chromeplaters.  According  to  Gomes  (5521)  hard 
chromplaters  use  hot  chromic  acid  and  may  be  exposed  to  high  concentrations  of  its  fumes 
or  vapors. 

Okubo  and  Tsuchiya  (5522)  reported  no  deaths  due  to  lung  cancer  among  a  cohort 
of  889  Japanese  chromeplaters  who  had  worked  at  least  6  months  and  were  followed  up 
for  5.2  years.  Excess  deaths  (a)mpared  with  unexposed  platers,  clerical  and  unskilled 
workers)  due  to  all  causes  were  not  observed  for  these  workers,  but  the  investigators 
reported  that  complete  data  were  obtained  for  only  70.5%  of  the  cohort  and  the  possibility 
of  misclassifying  exposed  platers  as  unexposed  was  possible.  Silverstein  et  al.  (5523) 
reported  an  increased  proportional  mortality  rate  due  to  lung  cancer  among  electroplaters 
(chrome  and  nickel)  and  die -casters  and  no  excess  deaths  due  to  noncancer  causes, 
whereas  Royle  (5524)  reported  a  significant  increase  in  the  total  malignant  neoplasms 
among  chromeplaters,  but  no  excess  in  deaths  due  specifically  to  lung  cancer  or  to 
nonneoplastic  causes.  According  to  Hayes  (5519)  the  results  regarding  an  association 
between  exposure  to  chromium  trioxide  in  the  chromeplating  industry  and  respiratory 
cancer  is  still  inconclusive  even  though  some  studies  show  positive  results. 

Workers  in  chromate  pigment  factories  also  have  higher  risk  of  dying  from  lung 
cancer.  Langard  and  Norseth  (5525)  reported  three  deaths  (only  0.79  were  expected  using 
all  deaths  in  Norway  for  comparLson)  due  to  lung  cancer  among  24  workers  who  had  been 
employed  at  a  chromate  pigment  factory  for  i3  years.  The  workers  were  exposed  mainly 
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t(i  zinc  chromate  dust  and  small  amounts  of  sodium  dichromatc.  The  estimated  exposure 
for  the  workers  dying  of  lung  cancer  was  0.5-1.5  mg  Cr/m^  for  6-8  years.  Frentzel-Beyme 
(5526)  noted  excess  lung  cancer  deaths  among  workers  at  five  factories  producing  lead  and 
zinc  chromates  aimpared  with  the  mortality  figures  for  the  regions  in  which  the  factories 
were  kx:ated.  The  increased  risk  was  significant  for  only  one  factory.  Frentzel-Beyme 
(5526)  was  not  able  to  associate  the  increased  cancer  risk  specifically  with  either  lead  or 
zinc  chromate.  In  a  study  conducted  by  Davies  (5527)  on  a  cohort  of  1152  workers  at 
three  chromate  pigment  fact<iries,  however,  excess  deaths  due  to  lung  cancer  were  not 
noted  at  the  factory  producing  lead  chromate  only.  In  the  two  factories  in  which  both  lead 
and  zinc  chromates  were  produced,  significant  increases  in  the  number  of  lung  cancer 
deaths  were  noted  especially  among  those  categorized  as  having  high  or  medium  exposure, 
indicating  (hat  zinc  chromate  is  associated  with  increased  risk  of  lung  cancer.  Hayes 
(5519)  stated  that  it  is  unclear  whether  differences  in  relative  solubilities  of  the  insoluble 
lead  chromate  and  the  poorly  soluble  zinc  chromate  could  account  for  differences  in  their 
carcinogen  activity. 

A  follow-up  study  on  the  association  between  the  incidence  of  cancer  or  mortality 
due  to  cancer  and  exposure  to  chromium  in  the  ferrochromium  industry  was  conducted  by 
Langard  et  al.  (5528).  A  previous  study  (5529)  showed  a  as.sociation  between  long-term 
employment  in  ferrochromium  furnaces  and  lung  and  prostate  cancer,  whereas  another 
study  did  not  show  an  asstxiation  (5530).  The  ferrochromium  furnace  operators  were 
exposed  to  0.3-24  mg/m^  of  general  dust  and  0.04-0.29  mg/m^  of  total  chromium.  Among 
fernwhromium  workers  the  number  of  observed/expected  death  was  10/6.5  due  to  lung 
cancer  and  12/7.68  due  to  prostate  cancer.  There  were  also  five  deaths  due  to  renal 
cancer,  whereas  only  1.83  were  expected.  These  deaths  were  not  attributed  to  exposure 
to  chromium.  According  to  Hayes  (5519),  exposure  to  other  contaminants  occur  in  this 
industry,  and  any  excess  in  respiratory  cancer  may  be  due  to  anyone  of  a  combination  of 
thc.se  exposures. 

7233.2.2.  Health  Hazard  Studies 

The  ulcerative  properties  of  chromium  compounds,  due  to  the  irritating  and 
corrosive  properties  of  hcxavalent  chromium,  have  been  known  for  over  a  hundred  years. 
According  to  Bidstrup  (5531),  ulceration  of  the  skin  was  described  in  1827  and  ulceration 
of  the  nasal  mucosal  membrane  was  described  in  1863.  Since  then  many  studies  have  been 
conducted  on  the  medical  status  of  workers  exposed  to  chromium  in  chromium  production 
plants,  chromeplating  plants,  and  the  ferrochromium  industry.  Air  concentrations  in  the 
breathing  zones  of  workers  exposed  to  chromium  vary  considerably  from  levels  below  to 
levels  a)nsiderably  above  the  TLV.  Poor  personal  hygiene  has  been  reported  as  a 
problem  among  chromcplaters.  Consequently,  self  contamination  of  the  upper  respiratory 
tract  exacerbates  the  clinical  manifestations  of  the  nasal  lesions  often  seen  in  these 
workers,  even  under  conditions  in  which  the  air  concentrations  for  chromium  are  below 
the  T13/.  The  nasal  lesions  seen  in  workers  exposed  to  chromium  vary  from  simple  nasal 
irritation  to  ulceration  and  frank  perforation  of  the  nasal  septum  (5531). 

The  effects  of  chromium  exposure  on  97  chromate  production  workers  exposed  to 
chromite  ore  (Cr(lll)|  and  sodium  chromates  and  dichromates  at  concentrations  up  to  1.0 
mg  Cr/m  Vere  described  by  Mancu.so  (5532).  A  number  of  effects  were  found  to  lx:  more 
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prevalent  in  exposed  workers  than  in  the  37  controls  consisting  of  33  cement  plant  workers 
and  4  office  workers  at  the  chromate  plant  who  were  exposed  to  concentrations  up  to  0.08 
mg  Cr/m^  The  most  frequently  observed  lesions  in  chromate  workers  were  nasal 
perforations  (62.9%)  and  chronic  rhinitis  (86.6%).  Nasal  p)olyps  and  laryngitis  were  also 
seen  in  chromate  workers.  Among  chromate  workers,  urinary  chromium  levels  varied  from 
0  to  38  pg/dL,  with  an  average  in  production  and  maintenance  workers  of  5.1  pg/dL. 
Urinary  chromium  levels  ranged  from  0-3.5  pg/dL  in  office  workers  and  0-1.0  pg/dL  in 
cement  workers. 

In  a  study  by  Kleinfeld  and  Rosso  (5533),  all  nine  chromeplaters  exposed  to  chromic 
acid  at  concentrations  ranging  from  0.18  to  1.4  mg  CrOj/m^  for  0.5-12  months  had  upper 
respiratory  tract  lesions  ranging  from  nasal  itching  and  soreness  to  septal  ulcerations  and 
perforations.  Gomes  (5521)  reported  that  the  frequency  of  more  severe  upper  respiratory 
tract  lesions  was  higher  in  hard  chromeplaters  who  used  hot  chromic  acid  compared  with 
the  frequency  in  brilliant  chromeplaters  who  use  cold  chromic  acid.  The  chromic  acid 
levels  were  as  high  as  1.4  mg/m^  Other  findings  among  these  workers  included  coughing 
and  expectoration,  sneezing,  rhinorrhea,  nosebleed,  and  pruritus.  Self  contamination 
probably  contributed  to  the  frequency  and  severity  of  the  lesions. 

In  a  NIOSH  (National  Institute  for  Occupational  Safety  and  Health)  health  hazard 
survey,  no  upper  respiratory  lesions  were  found  among  32  chromeplaters  (20  employed  for 
>5  years)  who  used  the  cold  chromic  acid  process  and  were  exposed  to  concentrations 
ranging  from  undetectable  to  6  pg/m^  (5534). 

Another  NIOSH  health  hazard  survey  of  37  chromeplaters  who  used  the  hot  chromic 
acid  process  and  had  been  employed  from  0.3  months  to  1 1  years  revealed  nasal  lesions 
ranging  from  shallow  erosions  to  frank  perforations  in  35  chromeplaters  (5535).  Air 
concentrations  in  the  breathing  zones  for  exposed  workers  were  7.1  pg/m'^  (total 
chromium)  and  2.9  pg/m^  (Cr(VI)j  compared  with  0.1  pg/m^  (total  chromium)  and  0.3 
pg/m^  [Cr(VI)]  for  controls.  These  data  were  also  reported  by  Cohen  and  Kramskowski 
(5536). 

In  a  more  recent  study,  Lindberg  and  Hedenstierna  (5537)  examined  104 
chromeplaters  (exposed  to  chromic  acid)  from  13  different  factories  and  who  had  been 
employed  from  0.1-36  years  (median  =  4.5  years)  and  138  controls  consisting  of 
automobile  mechanics  and  19  office  workers.  Three  ex|X)sure  groups  were  identified:  (1) 
a  "low  exposure"  group,  <2  pg  Cr(IV)/m*  as  chromic  acid  only;  (2)  a  "high  exposure" 
group,  ^2  pg  Cr(IV)/m^  ranging  up  to  20  pg/m’  as  chromic  acid  only;  and  (3)  mixed- 
exposure  group,  0.2  to  1.7  pg/m^  of  chromic  acid  and  other  pollutants.  Runny  or  stuffy 
nose,  "lot  of  blow  out",  nosebleed,  and  "phlegm  in  the  throat"  was  reported  for  the  high- 
exposure  group  and  diffuse  nasal  symptoms  for  the  low-exposure  group.  Smeary  or  crusty 
nasal  mucosa,  atrophied  mua)sa,  and  reddened  or  swollen  mucosa,  but  no  nasal  ulcerations 
or  perforations  were  seen  in  the  low-exposure  group.  Among  workers  exposed  to  high 
concentrations,  a  reddened,  smeary,  crusty  or  atrophied  mucosa,  nasal  ulcerations,  and 
nasal  perforations  were  seen.  Lung  function  tests  showed  no  short-  or  long-term  effects 
in  the  low-exposure  group,  but  significant  transient  decreased  values  for  FVC,  FEV,  and 
FEF25.7S  were  seen  in  the  high -exposure  group. 


72-62 


CHROMIUM 


One  study  presented  evidence  of  a  possible  systemic  lesion  (hepatic  damage)  in 
chromeplaters  (5538).  The  workers  had  been  employed  for  6  months  to  5  years  and  were 
excreting  chromium  in  their  urine.  Four  workers  had  nasal  lesions  and  four  had  mild  to 
moderate  abnormalities  in  results  of  hepatic  tests  and  mild  to  moderate  abnormalities  in 
their  liver  biopsies.  One  worker  had  acute  hepatitis  with  jaundice  and  histopathological 
changes  similar  to  toxic  hepatitis.  These  findings  have  not  been  report^  by  other 
investigators  and  are,  therefore,  unconfirmed. 

Foa  ct  al.  (55.39)  reported  that  workers  exposed  to  chromium  oxide  [Cr(III)]  in  the 
ferrochromium  industry  had  urinary  chromium  values  <5  pg/g  of  creatinine  and  showed 
no  evidence  of  renal  damage  as  measured  by  various  clinical  tests.  Franchini  and  Mutti 
(5509),  however,  reported  urinary  excretion  of  renal  antigen  ((detected  by  monoclonal 
antibodies  and  used  as  a  measure  of  renal  damage)  exceeding  the  upper  limit  of  the 
controls  in  10/43  dichromate  production  workers.  Workers  with  the  higher  urinary 
chromium  values  had  antigen  levels  more  twice  the  control  level.  In  a  study  by  Haglind 
et  al.  (5540),  ferrochromium  workers  were  shown  to  have  some  evidence  of  pulmonary 
dysfunction  of  the  small  airways. 

Lesions  due  to  dermal  contact  with  chromic  acid  have  been  noted  among 
chromeplaters.  These  lesions  are  characteristic  of  dermal  contact  with  chromic  acid  or 
chromates  and  are  sometimes  referred  to  as  "chrome  holes."  Gomes  (5521)  conducted  a 
survey  of  303  chrome  workers  exposed  to  chromic  acid,  35  working  with  hard  chrome,  223 
with  brilliant  chrome,  and  45  with  chrome  brighteners.  Cutaneous  ulcerations  were 
frequent  among  ail  chrome  workers,  but  more  frequent  among  those  working  with  cold 
chromic  acid  (brilliant  chrome  and  chrome  brighteners)  than  among  those  working  with 
hot  chromic  acid  (hard  chrome).  The  cutaneous  lesions  were  small  to  large  painful  skin 
ulcers  occurring  on  the  hands,  forearms,  arms,  and  feet.  Dental  lesions  were  also  noted, 
particularly  among  the  hard  chrome  workers  exposed  to  vapors  of  chromic  acid. 

Markel  and  Lucas  (5534)  reported  that  2/32  chromeplaters  had  active  chrome  ulcers. 
The  lesion  was  on  the  finger  of  one  worker  and  on  the  foot  of  another  worker  who  had 
worn  boots  saturated  with  chromate  solution.  Four  workers  mentioned  past  chrome 
ulcerations  or  dermatitis.  Cohen  (5535)  found  skin  ulcers  in  5/37  chromeplaters.  The 
ulcers  were  on  the  hands  and  appeared  as  single  or  multiple,  centrally  ulcerated  papules 
that  penetrated  the  underlying  soft  tissues;  the  base  of  the  lesion  was  covered  with  an 
exudate  or  a  crust.  The  ulcers  usually  occurred  6-12  months  after  starting  work.  In  a 
survey  of  997  chromeplaters  conducted  by  Royle  (5541),  the  frequency  of  skin  ulcers 
increased  significantly  with  duration  of  exposure.  The  frequency  was  6.4%  for  those 
exposed  <1  year,  21.3%  for  those  exposed  for  1-5  years,  and  32.0%  for  those  exposed  to 
>5  years. 

7133  Levels  of  Concern 

The  ambient  water  quality  criteria  are  0.05  and  170  mg/L  (ingestion  of  water  and 
contaminated  aquatic  organisms)  and  the  RfDs  are  0.35  and  70  mg/day  for  hexavalent  and 
trivalent  chromium,  respectively  (5417).  EPA  (5408)  classified  chromium  VI  compounds 
as  Group  A  by  the  inhalation  route,  but  data  are  not  available  for  evaluating  the  potential 
carcinogenicity  of  chromium  by  the  oral  route.  lARC  (5412)  classified  chromium  metal 
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and  chromium  III  compounds  as  Group  3  carcinogens  and  chromium  VI  compounds  as 
Group  1.  The  lifetime  health  advisory  is  0.1  mg/L  (total  Cr)  (5414)  and  the  national 
interim  primary  drinking  water  standard  (current  MCL)  for  chromium  is  0.0^  mg/L  (total 
Cr);  the  proposed  MCLG  and  MCL  are  both  set  at  0.1  mg/L  (total  Cr)  (5415).  The  WHO 
drinking  water  guideline  is  0.05  mg/L  (total  Cr)  (5416). 

EPA  (5414)  classified  hexavalent  chromium  compounds  as  Group  A  (inhalation 
route);  the  inhalation  slope  factor  is  4.1E+01(mg/kg/day)  ‘  and  the  inhalation  unit  risk  is 
1.2E-05(mg/m^)‘. 

The  OSHA  (7000)  standards  are  1  mg/m^  (as  Cr)  for  chromium  metal,  0.5  mg/m^  (as 
Cr)  for  divalent  and  trivalent  chromium  compounds  for  an  8-hour  workshift.  For  chromic 
acid  (chromium  trioxide)  and  chromates,  a  ceiling  of  0.1  ppm  (as  Cr03)  has  been  set. 

723.4  Hazard  Assessment 

Trivalent  chromium  compounds  are  not  biologically  available,  and  therefore  appear 
to  pose  no  threat  to  human  health.  Hexavalent  chromium  compounds,  on  the  other  hand, 
are  absorbed  from  the  respiratory  and  gastrointestinal  tracts  and  can  cross  biological 
membranes,  where  they  are  readily  reduced  to  the  trivalent  form.  Consequently, 
hexavalent  chromium  compounds  do  pose  a  threat  to  human  health. 

Potassium  dichromate  in  doses  of  0.5-0.8  g  and  chromic  acid  in  doses  of  1-2  g  are 
reported  to  be  lethal  in  humans,  but  recovery  has  been  claimed  after  doses  as  large  as 
5-15  g.  Acute  ingestion  of  chromium  compounds  causes  corrosive  effects  on  the  gastro¬ 
intestinal  tract  (abdominal  pain,  vomiting,  ulcerations  of  the  esophagus,  stomach  and 
duodenum,  and  decreased  peristalsis)  and  renal  failure  due  to  acute  renal  tubular  necrosis. 
Hepatic  and  CNS  effects  have  also  been  reported  (5505).  Acute  or  short-term  inhalation 
exposure  to  chromium  compounds  affects  the  upper  respiratory  tract,  lungs,  and  skin. 
Asthma  and  anaphylactoid  reactions  have  also  been  noted  (5507). 

Hexavalent  chromium  compounds  are  considered  to  be  carcinogenic  to  humans, 
resulting  in  increased  mortality  due  to  respiratory  cancer  (5407,  5412).  Epidemiology 
studies  have  presented  evidence  of  increased  mortality  due  to  respiratory  cancer  among 
workers  in  chromate  production  plants  (5512,  5513,  5515,  5517,  5518),  which  has  been 
attributed  to  calcium  chromate  (5519).  Studies  of  chromeplaters  exposed  primarily  to 
chromium  trioxide  have  produced  conflicting  results,  but  the  preponderance  of  the 
evidence  suggests  that  increased  mortality  due  to  respiratory  cancer  is  not  associated  with 
this  industry.  Increased  mortality  due  to  respiratory  cancer  is  associated  with  the  chromate 
pigment  industry  in  which  workers  are  exposed  to  lead  and/or  zinc  chromate  (5525,  5526, 
5527).  An  association  between  exposure  to  chromium  in  the  ferrochromium  industry  and 
cancer  of  the  lungs  and  prostate  has  been  suggested  (5529,  5528),  but  confirmation  awaits 
further  evidence. 

Nonneoplastic  effects  due  to  occupational  exposure  to  chromium  is  seen  primarily 
in  the  upper  respiratory  tract.  These  lesions  occur  as  simple  nasal  irritation  to  mucosal 
ulceration  to  frank  perforation  of  the  nasal  septum  (5531).  These  lesions  are  characteristic 
of  chromium  exposure  and  have  been  seen  in  chromate  production  workers  (5532),  but 
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are  most  prevalent  in  chromeplaters  (5533, 5535, 5536, 5537).  The  prevalence  and  severity 
of  these  lesions  have  been  attributed,  in  part,  to  poor  hygienic  practices  among  workers. 
Some  renal  damage  has  been  reported  in  ferrochromium  workers  (5539).  Characteristic 
dermal  lesions  seen  among  workers  handling  chromic  acid  and  chromates  are  painful  skin 
ulcers  occurring  on  the  hands,  forearms,  arms,  and  feet  (5521,  5534,  5541). 

Genotoxicity  studies  have  shown  that  highly  soluble  and  soluble  hexavalent  chromium 
compounds  arc  mutagenic  and  clastogenic,  but  there  is  no  evidence  that  poorly  soluble  or 
insoluble  hexavalent  compounds  arc  genotoxic,  probably  due  to  biological  unavailability. 
There  is  conflicting  evidence  regarding  the  genotoxicity  of  trivalent  chromium  compounds. 
Metallic  chromium  fumes  may  be  clastogenic  in  vivo,  but  there  are  no  data  regarding  its 
mutagenicity  (5489).  Data  regarding  developmental  toxicity  of  chromium  compounds 
administered  by  oral  or  inhalation  routes  are  not  available  in  the  literature,  but  there  is 
evidence  that  both  hexavalent  and  trivalent  chromium  compounds  are  teratogenic  and 
fetotoxic  by  parenteral  routes  (5494,  5493). 


72.4  SAMPLING  AND  ANALYSIS  CONSIDERATIONS 

Determination  of  total  chromium  concentrations  in  soil  and  water  requires  the 
collection  of  a  representative  field  sample  and  the  maintenance  of  proper  storage 
conditions  prior  to  laboratory  analysis.  Samples  for  metal  determinations  should  be 
collected  in  either  glass,  polypropylene  or  teflon  containers.  The  sample  containers  should 
have  been  previously  cleaned  with  the  following  reagents  in  the  sequence  given  to 
minimize  bottle  contamination:  detergent,  tap  water,  1:1  nitric  acid,  tap  water,  1:1 
hydrochloric  acid,  tap  water,  and  Type  II  water.  Approximately  600  mL  of  aqueous  sample 
should  be  collected  to  ensure  a  final  sample  digestion  volume  of  100  mL.  To  reduce  the 
probability  of  metal  hydrolysis,  metal  adsorption  onto  or  leaching  from  the  sample 
container,  or  chemical  transformation  through  bacterial  metabolism,  the  aqueous  sample 
must  be  preserved  with  the  addition  of  nitric  acid  such  that  the  final  pH  is  less  than  pH 
2.  At  least  200  grams  of  solid  sample  should  be  collected  to  prepare  a  sample  digestion 
volume  of  100  mL.  Usually  no  preservative  procedure  is  required  for  solid  samples  other 
than  storage  at  4°C  until  sample  analysis.  All  samples  should  be  analyzed  within  180  days 
of  sample  collection.  In  addition  to  the  targeted  samples,  duplicates  and  spiked  matrices 
should  be  included  in  the  analytical  program  to  ascertain  the  reproducibility  and  accuracy 
of  the  analytical  determination  (5542). 

Analytical  methods  available  for  analyzing  total  chromium  in  water,  soils  and  waste 
include  atomic  absorption  (Methods  218.1,  218.2  and  218.3)  and  inductively  coupled 
plasma  atomic  emission  spectrometry  (Method  200.7)  techniques.  Depending  upon  the 
analytical  method,  treatment  with  acid  or  a  combination  of  acid  with  hydrogen  peroxide 
is  used  to  digest  the  samples.  Sample  preparation  procedures  specific  to  each  analytical 
technique  are  described  in  Methods  200.0,  200.7,  and  218.3  for  aqueous  samples  (5542) 
and  Methods  3005, 3010,  3020, 3040,  and  3050  for  solid  or  waste  samples.  Quality  control 
samples  should  be  processed  with  the  samples  to  determine  whether  analyte  losses  have 
occurred  during  the  sample  dissolution  procedure  (5543). 
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The  atomic  absorption  techniques  are  probably  the  most  common  procedures  for 
determining  the  concentration  of  total  chromium  in  water,  soil  and  waste  samples. 
Following  the  appropriate  digestion  of  the  sample,  a  representative  aliquot  of  the  digestalc 
is  atomized  by  either  directly  aspirating  it  into  a  flame  or  by  charring  it  in  a  graphite  tube 
furnace.  The  absorption  of  hollow  cathode  or  electrodelcss  discharge  lamp  radiation  at 
357.9  nm  will  be  proportional  to  the  total  chromium  concentration.  The  detection  ranges 
are  0.5-10  mg/L  and  5-100  pg/L  for  the  flame  and  the  furnace  atomic  absorption 
techniques,respectively.  In  a  EPA  study,  sample  results  using  the  graphite  furnace 
technique  were  reproducible  to  within  0.5%  for  water  samples  containing  less  than  77  pg/L 
Cr.  Recovery  ranged  from  97-102%  in  the  samples.  In  an  intcrlaboratory  study  using  6 
synthetic  samples,  the  standard  deviation  among  laboratory  results  ranged  from  28-105% 
when  the  direct  aspiration  flame  technique  was  used.  The  bias  of  results  when  compared 
to  the  true  values  ranged  from  -3.1  to  37.7%  (5542). 

EPA  has  recently  approved  the  use  of  the  inductively  coupled  plasma  (ICP)  atomic 
emission  method  for  determining  compliance  with  ejdsting  National  Primary  Drinking 
Water  Regulations  (5546).  The  technique  is  based  upon  the  simultaneous  or  sequential 
multi-element  measurement  of  atomic  emission  of  trace  metals.  A  preserved  and/or 
digested  sample  is  nebulized  to  form  an  aerosol  that  is  introduced  into  a  high  temperature 
plasma  where  atomic  excitation  occurs.  Characteristic  atomic-line  emission  spectra  arc 
produced  by  a  radio-frequency  inductively  coupled  plasma  and  are  dispersed  by  a  grating 
spectrometer.  The  line  intensities,  which  are  a  measurement  of  elemental  concentrations, 
are  monitored  by  photomultiplier  tubes.  Optical  compensation  techniques  are  used  to 
correct  for  spectral  interferences.  In  an  EPA  evaluation  of  the  reproducibility  and 
accuracy  of  the  ICP  method,  the  mean  percent  relative  standard  deviation  for  triplicate 
analysis  of  22  elements  was  found  to  be  9%.  The  mean  percent  recovery  of  spiked 
elements  for  all  waste  samples  was  93%  (5542). 


Detection  limit 

Method 

7  pg/L  (aqueous  &  nonaqueous) 

200.7 

50  pg/L  (aqueous  &  nonaqueous) 

218.1 

1  pg/L  (aqueous  &  nonaqueous) 

218.2 

1  pg/L  (aqueous  only) 

218.3 
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MERCURY  -  MERCURY  METAL  AND  VAPOR 


73-1 


COMMON  SYNONYMS: 

CAS.  Reg.  No.:  7439-97-6 

NIOSHNo.:  OV4550000 

Mercury  metal  and  vapor 
Quicksilver 

Liquid  silver 

EPA  Hazardous  Waste  No.:  U151 

Chemical  Symbol:  Hg 

REACTIVITY  (4200,  4201) 


Mercury  may  explode  on  contact  with  3-bromopropyne,  alkynes  plus  silver  per¬ 
chlorate,  ethylene  oxide,  lithium,  methylsilane  plus  oxygen,  peroj^ormic  acid, 
chlorine  dioxide,  and  tetracarbonylnickel  plus  oxygen.  It  forms  explosive 
products  with  ammonia  and  methyl  azide.  Mercury  vajxir  ignites  on  contact  with 
boron  diiodophosphide.  Mercury  may  also  reacts  violently  with  acetylenic  com¬ 
pounds,  metals  (aluminum,  calcium,  potassium,  sodium,  rubidium),  Clj,  CIO2, 
CH3N3,  NajCj,  and  nitromethane.  Mercury  may  react  with  nitric  acid,  and  hot 
concentrated  sulfuric  acid,  but  not  with  dilute  hydrochloric  acid,  cold  sulfuric 
acid,  or  alkalies.  Mercury  is  stable  at  ordinary  tempxjratures,  with  no  reaction 
with  air,  ammonia,  carbon  dioxide,  nitrous  oxide,  or  oxygen.  Mercury  combines 
readily  with  halogens  and  sulfur  and  is  attacked  only  by  sulfuric  acid.  It  is 
dussolved  by  dilute  or  concentrated  nitric  acid  forming  either  mercurous  or 
mercuric  salts,  depending  on  the  conditions. 


PHYSICXD-CHEMICAL  DATA 


•  Atomic  Weight:  200.59  (4201) 

•  Atomic  Number:  80  (4201) 

•  Group  and  Valence:  Group  2b;  0  (4201) 

•  Molecular  Weight:  NA 

•  Physical  State:  Heavy  metallic  liquid  (4201) 

•  Color:  Silver-white  (4201) 

•  Odor:  Odorless  (4203) 

•  Odor  Threshold:  NA 

•  Density:  13.5462  g/cm^  (20°  C) 


(4204) 


73-2 


MERCURY  -  MERCURY  MCTAL  AND  VAPOR 


PHYSICO-CHEMICAL  DATA  (ConL) 


•  Melting  Point:  -38.87“  C  (4204) 

•  Boiling  Point:  356.58“  C  (4204) 

•  Flash  Point:  ND 

•  Flammable  Limits:  ND 

•  Autoignition  Temperature:  ND 

•  Vapor  Pressure:  2E-03  mm  Hg  (20“C)  (4201) 

•  Saturated  Concentration  in  Air:  18  m^m*  (24“C)  (4203) 

•  Solubility  in  Water:  0.28E-06  mol/L  (25“C)  (4203) 

•  Viscosity:  1.55  mPa-sec  (20“C)  (4202) 

•  Surface  Tension:  480.3  dyn/cm  (0“C)  (4202) 

•  Log  (Octanol- Water  Partition  Coeff.):  ND 

•  Soil-Water  Distribution  Coeff.:  ND 

•  Henry’s  Law  Constant:  ND 

•  Bioconcentration  Factor:  ND 


MERCURY  -  ETHYLMERCURIC  PHOSPHATE 
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COMMON  SYNONYMS: 

CAS.  Reg.  No.:  2235-25-8 

NIOSHNo.:  OW3750000 

Ethylmercuric  phosphate 
Ethylmercury  phosphate 

EPA  Hazardous  Waste  No.:  ND 

EMP 

Chemical  Formula: 

CH3CH2HgOPO(OH)2 

REACTIVITY  (4200) 


Ethylmcrcuric  phosphate  emits  fumes  of  Hg  and  PO,  upon  heating. 


PHYSICO-CHEMICAL  DATA  (4200) 


Molecular  Weight:  326.65 

Physical  State:  ND 

Color:  ND 

Odor:  ND 

Odor  Threshold:  ND 

Density:  ND 

Melting  Point:  ND 

Boiling  Point:  ND 

Flash  Point:  ND 

Flammable  Limits:  ND 

Autoignition  Temperature;  ND 

Vapor  Pressure:  ND 

Saturated  Concentration  in  Air:  ND 

Solubility  in  Water:  ND 

Viscosity:  ND 

Surface  Tension:  ND 

Log  (Octanol- Water  Partition  Coeff.):  ND 

Soil-Water  Distribution  Coeff.:  ND 

Henry’s  Law  Constant:  ND 

Bioconcentration  Factor:  ND 
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MERCURY  -  MERCURIC  ACETATE 


COMMON  SYNONYMS: 

CAS.  Reg.  No.:  1600-27-7 

NIOSHNo.;  AI8575000 

Mercuric  acetate 

EPA  Hazardous  Waste  No.:  D009 

Mercury  acetate 
Mercury(II)acetate 

Mercuriacetate 

Mercuryl  acetate 

Mercury  diacetate 

Mercuric  diacetate 

Chemical  Formula:  Hg(CH3COO)2 

Diacetoxymercury 

REACTIVITY  (4201) 


If  left  standing,  aqueous  solutions  of  mercuric  acetate  decomposes  yielding  a 
yellow  precipitate.  It  is  also  sensitive  to  light.  See  other  mercuric  salts. 


PHYSICO-CHEMICAL  DATA 


Molecular  Weight:  318.70 

Physical  State:  Solid,  crystals  or  crystalline  powder 

Color:  White 

Odor:  Slight  acetic  or  vinegar-like  odor 
Odor  Threshold:  ND 
Density:  3.270  g/cm^ 

Melt  Point:  78- 100® C;  decomposes 
Boiling  Point:  ND 
Flash  Point:  ND 
Flammable  Limits:  ND 
Autoignition  Temperature:  ND 


(4201) 

(4201) 

(4203) 

(4201,  4203) 

(4204) 

(4203,  4204) 


MERCURY  -  MERCURIC  ACETATE 
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PHYSICO-CHEMICAL  DATA  (ConL) 


•  Vapor  Pressure:  ND 

•  Saturated  Concentration  in  Air:  ND 

•  Solubility  in  Water:  Soluble  in  cold  water,  25  g/100  mL  (10°  C);  (4204) 

very  soluble  in  hot  water, 

100  g/100  mL  (100°  C) 

•  Viscosity:  ND 

•  Surface  Tension:  ND 

•  Log  (Octanol- Water  Partition  Coeff.):  ND 

•  Soil-Water  Distribution  Coeff.:  ND 

•  Henry’s  Law  Constant:  ND 

•  Bioconcentration  Factor:  ND 
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MERCURY  -  MERCURIC  CHLORIDE 


COMMON  SYNONYMS: 

Mercuric  chloride 
Mercury  chloride 
Mercury(II)chloride 
Mercury  bichloride 
Mercury  perchloride 
Mercuric  bichloride 
Mercuric  dichloride 


CAS.  Reg.  No.:  7487-94-7 
NIOSHNo.:  OV9100000 
EPA  Hazardous  Waste  No.:  D009 


Chemical  Formula:  HgCl2 


REACTIVITY  (4200) 


Mercuric  chloride  forms  the  explosive  mercury  fulminate  with  aci-nitromethanidc 
+  acid.  It  decomposes  to  emit  toxic  fumes  of  Hg  when  heated. 


PHYSICO-CHEMICAL  DATA 


Molecular  Weight:  271.52 

Physical  State:  Solid,  crystals,  granules,  or  powder 

Color:  White 

Odor:  Odorless 

Odor  Threshold:  ND 

Density:  5.44  g/cm^  (25°  C);  liquid  4.44  g/cm’  (280°  C) 

Melt  Point:  276°C 

Boiling  Point:  302°  C 

Flash  Point:  ND 

Flammable  Limits:  ND 

Autoignition  Temperature:  ND 

Vapor  Pressure:  0.1  mm  Hg  (100°C);  3  mm  Hg  (150°C) 

Saturated  Concentration  in  Air:  ND 

Solubility  in  Water:  6.9  g/100  mL  (20°  C);  48  g/100  mL  (100°C) 

Viscosity:  ND 

Surface  Tension:  ND 

Log  (Octanol-Water  Partition  Coeff.):  ND 

Soil- Water  Distribution  Coeff.:  ND 

Henry’s  Law  Constant:  ND 

Biocoiicentration  Factor:  ND 


(4201) 

(4201) 

(4201) 

(4203) 

(4204) 

(4204) 

(4204) 


(4205) 

(4204) 


MERCURY  -  MERCURIC  CYANIDE 


73 


COMMON  SYNONYMS: 

Mercuric  cyanide 
Mercury(II)cyanide 
Mercury  dicyanide 
Dicyanomercury 
Cianurina 


CAS.  Reg.  No.:  592-04-1 
NIOSHNo.:  OWISISOOO 
EPA  Hazardous  Waste  No.: 
D009;  P030;  0003 


C3icmical  Formula:  Hg(CN)2 


REACTIVITY  (4200,  4206) 


Mercuric  cyanide  is  a  friction-  and  impact-sensitive  explosive;  it  is  incompatible 
with  fluorine,  magnesium,  and  sodium  nitrite.  Mercuric  cyanide  reacts 
vigorously,  producing  flames  when  gently  heated  with  fluorine.  Contact  with 
acids  and  acid  salts  may  cause  immediate  formation  of  toxic  and  flammable 
hydrogen  cyanide  gas.  Toxic  fumes  of  Hg,  NO,p  and  CN'  are  emitted  upon 
heating  to  decomposition.  Decomposition  may  occur  on  exposure  to  light. 


PHYSICO-CHEMICAL  DATA 


•  Molecular  Weight:  252.65  (4201) 

•  Physical  State:  Solid,  tetragonal  crystal  or  powder  (4201) 

•  Color:  Colorless  crystals,  white  powder  (4201) 

•  Odor:  Odorless  (4201) 

•  Odor  Threshold:  ND 

•  Density:  3.9%  g/cm^  (4204) 

•  Melting  Point:  Decemposes  at  320®C  (4201) 


•  Boiling  Point:  ND 

•  Flash  Point:  ND 

•  Flammable  Limits:  ND 

•  Autoignition  Temperature:  ND 

•  Vapor  Pressure:  ND 

•  Saturated  Concentration  in  Air:  ND 


MERCURY  -  MERCURIC  CYANIDE 
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PHYSICO-CHEMICAL  DATA  (CbnL) 


•  Solubility  in  Water:  Soluble  in  cold  water  and  hot  water,  (4204) 

9.3  g/100  mL  (14^  C),  33  g/100  mL 
(100°C)  (decomposes) 

•  Viscosity:  ND 

•  Surface  Tension:  ND 

•  Log  (Octanol-Water  Partition  Coeff.):  ND 

•  Soil-Water  Distribution  Coeff.:  ND 

•  Henry’s  Law  Constant:  ND 

•  Bioconcentration  Factor:  ND 


MERCURY  -  MERCURY  FULMINATE 
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COMMON  SYNONYMS: 

Mercury  fulminate 
Mercury(II)fulminate 
Fulminate  of  mercury  (dry) 


CAS.  Reg.  No.:  628-86-4 
NIOSHNo.:  OW4050000 
EPA  Hazardous  Waste  No.:  ND 


Chemical  Formula:  Hg(CNO)2 


REACnVITY  (4200) 


Mercury  fulminate  self  explodes.  It  is  an  explosive  sensitive  to  flame,  heat, 
impact,  friction,  intense  radiation,  or  contact  with  sulfuric  acid.  It  emits  toxic 
fumes  of  Hg  and  NO^,  upon  heating. 


PHYSICO-CHEMICAL  DATA 


Molecular  Weight:  284.62 

Physical  State:  Solid,  cubic  crystals  or  powder 

Color:  White  or  gray 

Odor:  ND 

Odor  Threshold:  ND 

Density:  4.42  g/cm^ 

Melting  Point:  Explodes 
Boiling  Point:  ND 
Flash  Point:  ND 
Flammable  Limits:  ND 
Autoignition  Temp:  ND 
Vapor  Pressure:  ND 


(4204) 

(4204,  4203) 
(4204,  4203) 


(4204) 

(4204) 


MERCURY  -  MERCURY  FULMINATE 
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PHYSICO-CHEMICAL  DATA  (ConL) 


•  Saturated  Concentration  in  Air:  ND 

•  Solubility  in  Water:  Slightly  soluble  in  cold  water,  (4204) 

soluble  in  hot  water 

•  Viscosity:  ND 

•  Surface  Tension:  ND 

•  Log  (Octanol-Water  Partition  Coeff):  ND 

•  Soil- Water  Distribution  Coeff.:  ND 

•  Henry’s  Law  Constant:  ND 

•  Bioconcentration  Factor:  ND 


MERCURY  -  MERCURIC  NITRATE 
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COMMON  SYNONYMS: 

CAS.  Reg.  No.:  10045-94-0 

NIOSHNo.:  OW8225000 

Mercuric  nitrate 

EPA  Hazardous  Waste  No.: 

Mercury  nitrate 

Mercury(II)nitrate 

Mercury  penetrate 

Chemical  Formula:  Hg(N03)2 

Nitric  acid,  mercury(II)salt 

REACTIVITY  (4200) 


Mercury  may  form  explosive  mercury  acetylide  when  reacted  with  acetylene, 
explosive  mercury  fulminate  when  reacted  with  ethanol,  and  unstable  explosive 
product  when  reacted  with  isobutene,  and  explosive  mixtures  with  phosphine, 
potassium  cyanide,  and  sulfur.  It  reacts  violently  with  phosphinic  acid, 
hypophosphoric  acid,  unsaturated  hydrocarbons,  and  aromatics.  Mercury  reacts 
vigorously  with  petroleum.  It  decomposes  upon  heating  and  emits  toxic  fumes  of 
Hg  and  NO^ 


PHYSICO-CHEMICAL  DATA 


Molecular  Weight:  324.66 

Physical  State:  Crystal  powder  or  deliquescent 

Color:  White  or  slightly  yellow 

Odor:  Like  nitric  acid 

Odor  Threshold:  ND 

Density:  4.39  g/cm^ 

Freeze/Melt  Point:  Decomposes 
Boiling  Point:  ND 
Flash  Point:  ND 
Flammable  Limits:  ND 
Autoignition  Temp:  ND 
Vapor  Pressure:  ND 


(4201) 

(4201) 

(4201) 

(4201) 

(4204) 

(4204) 


73-12  MERCURY  —  MECURIC  NITRATE 


PHYSICO-CHEMICAL  DATA  (ConL) 


•  Saturated  Concentration  in  Air;  ND 

•  Solubility  in  Water:  Very  soluble  in  cold  water;  (4204) 

decomposes  in  hot  water 

•  Viscosity:  ND 

•  Surface  Tension:  ND 

•  Log  (Octanol- Water  Partition  CoefF):  ND 

•  Soil- Water  Distribution  Coeff.:  ND 

•  Henry’s  Law  Constant:  ND 

•  Bioconcentration  Factor:  ND 


MERCURY  -  MERCURIC  OXIDE 
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COMMON  SYNONYMS: 

Mercuric  oxide 
Mercury(II)oxide 
Mercuric  monoxide 
Mercuric  oxide,  red 
Mercuric  oxide,  yellow 


CAS.  Reg.  No.:  21908-53-2 
NIOSHNo.:  OW8750000 
EPA  Hazardous  Waste  No.:  D009 


Chemical  Formula;  HgO 


REACTIVITY  (4200) 


Red  and  yellow  mercuric  oxide  are  identical  chemically,  but  the  red  form  is  less 
reactive.  Explosive  reactions  can  occur  when  mercuric  oxide  comes  in  contact  or 
is  mixed  with  the  following:  acetyl  nitrate  (contact),  butadiene  -I-  ethanol  -I- 
iodine  (35°  C),  chlorine  +  hydrocarbons  (such  as  methane  and  ethylene),  metals 
[such  as  sodium-potassium  alloys  (on  impact),  magnesium  (on  heating)  and 
phosphorus  (on  heating  or  impact)],  nonmetals  [such  as  phosphorus  (on  heating 
or  impact)  or  sulfur  (on  heating)],  reducing  agents  (such  as  hydrazine  hydride 
and  phosphinic  acid),  and  hydrogen  peroxide  +  nitric  acid  (forms  explosive 
mercury(II)peroxide).  Violent  reactions  occur  with  diboron  trifluoride,  hydrogen 
trisulfide,  and  methanethiol.  Vigorous  reactions  occur  with  disulfur  dichloride 
and  hydrogen  peroxide  and  an  incandescent  reactions  with  phospham. 


PHYSICXl-CHEMICAL  DATA 


Molecular  Weight;  216.61 
Physical  State:  Solid,  crystalline 
powder  or  scale 

Color:  Red  when  heated,  yellow  upon  cooling; 

yellow  when  particles  are  ^5  pm  and  red  when 
particles  are  >8  pm 
Odor:  Odorless 
Odor  Threshold:  NA 
Density:  1.1  (at  4°  C);  1 1.1  (at  20°  C) 

Melting  Point:  Decomposes  (500°  C) 

Boiling  Point:  ND 


(4201) 

(4201,  4205) 
(4201) 


(4201) 

(4204,  4203) 
(4204) 
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MERCURY  -  MERCURIC  OXIDE 


PHYSICO-CHEMICAL  DATA  (ConL) 


•  Flash  Point:  ND 

•  Flammable  Limits:  ND 

•  Autoignition  Temperature:  ND 

•  Vapor  Pressure:  ND 

•  Saturated  Concentration  in  Air:  ND 

•  Solubility  in  Water:  Practically  insoluble,  5.3E-03  g/100  mL  (4204) 

(25°  C),  3.95E-02  g/100  mL  (100°C) 

•  Viscosity:  ND 

•  Surface  Tension:  ND 

•  Log  (Octanol- Water  Partition  Coeff.):  ND 

•  Soil-Water  Distribution  Coeff.:  ND 

•  Henry’s  Law  Constant:  ND 

•  Bioconcentration  Factor:  ND 


MERCURY  -  MERCURIC  SULFATE 
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COMMON  SYNONYMS: 

Mercuric  sulfate 
Mercury  sulfate 
Mercury  persulfate 
Mercury  bisulfate 
Mercury(Il)sulfate 


CAS.  Reg.  No.:  7783-35-9 
NIOSHNo.:  0X0500000 
EPA  Hazardous  Waste  No.:  ND 


Chemical  Formula:  HgS04 


REACnVITY  (4200,  4203) 


Absorption  of  gaseous  hydrogen  chloride  on  mercuric  sulfate  becomes  violent  at 
125°C.  Mercuric  sulfate  emits  toxic  fumes  of  Hg  and  SO,  upon  heating. 


PHYSICO-CHEMICAL  DATA 

• 

Molecular  Weight:  2%.70 

(4201) 

• 

Physical  State:  Solid,  granules  or  crystal  powder 

(4201) 

• 

Color:  White 

(4201) 

• 

Odor:  Odorless 

(4201) 

• 

Odor  Threshold:  ND 

• 

Density:  6.47  g/cm^ 

• 

Melting  Point:  Decomposes 

(4204) 

• 

Boiling  Point:  ND 

• 

Flash  Point:  ND 

• 

Flammable  Limits:  Nonflammable 

(4203) 

• 

Autoignition  Temperature:  ND 

• 

Vapor  Pressure:  ND 

• 

Saturated  Concentration  in  Air:  ND 

• 

Solubility  in  Water:  Decomposes  in  cold  water 

(4204) 

• 

Viscosity:  ND 

• 

Surface  Tension:  ND 

• 

Log  (Octanol- Water  Partition  Coeff.):  ND 

• 

Soil-Water  Distribution  Coeff.:  ND 

• 

Henry’s  Law  Constant:  ND 

• 

Bioconcentration  Factor:  ND 
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MERCURY  ~  MERCURIC  THIOCYANATE 


COMMON  SYNONYMS: 

Mercuric  thiocyanate 
Mercuric  sulfocyanate 
Mercuric  sulfocyanide 
Mercury  dithiocyanate 
Mercury(II)thiocyanate 


CAS.  Reg.  No.:  592-85-8 
NIOSHNo.:  XL1550000 
EPA  Hazardous  Waste  No.:  ND 


Chemical  Formula:  Hg  (SCN)2 


REACnVITY  (4200,  4203) 


Mercuric  thiocyanate  emits  toxic  fumes  of  Hg,  NO^  and  SO,  upon  heating.  See 
other  mercury(II)  salts.  Thiocyanates  may  emit  highly  toxic  fumes  of  cyanide 
when  heated  to  decomposition  or  on  contact  with  acid  or  acid  fumes. 


PHYSICO-CHEMICAL  DATA 


Molecular  Weight:  316.75 
Physical  State:  Solid,  powder  or  crystal  usually 
in  radially  arranged  needles 

Color:  White 
Odor:  Odorless 
Odor  Threshold:  ND 
Density:  ND 

Melting  Point:  t65®C,  decomposes 
Boiling  Point:  ND 
Flash  Point:  ND 

Flammable  Limits:  Nonflammable 
Autoignition  Temperature:  ND 
Vapor  Pressure:  ND 
Saturated  Concentration  in  Air:  ND 


(4204) 

(4201) 

(4204) 

(4203) 


(4203) 


(4204) 


MERCURY  -  MERCURIC  THIOCYANATE 
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PHYSICO-CHEMICAL  DATA  (ConL) 


•  Solubility  in  Water:  Slightly  soluble,  0.07  g/100  mL  (25®  C);  (4204,4203) 

soluble  in  hot  water;  soluble  with 
decomposition  in  boiling  water 

•  Viscosity:  ND 

•  Surface  Tension:  ND 

•  Log  (Octanol-Water  Partition  Coeff.):  ND 

•  Soil-Water  Distribution  Coeff.:  ND 

•  Henry’s  Law  Constant:  ND 

•  Bioconcentration  Factor:  ND 


73-18 


MERCURY  -  MERCUROUS  NITRATE 


COMMON  SYNONYMS: 

CAS.  Reg.  No.:  10415-75-5 

NIOSHNo.:  OW8000000 

Mercurous  nitrate 

EPA  Hazardous  Waste  No.:  E>009 

Mercury  protonitrate 

Mercury(I)nitrate 

Nitric  acid,  mercury(I)  salt 

Chemica]  Formula:  Hg2(N03)2 

REACnVITY  (4203) 


Mixtures  of  mercurous  nitrate  and  phosphorus  explodes  violently  when  struck 
with  a  hammer.  Mixtures  of  mercurous  nitrate  and  carbon  decomposes 
explosively  at  high  temperature.  Mercurous  nitrate  may  cause  fire  if  it  comes  in 
contact  with  wood  or  paper. 


PHYSICO-CHEMICAL  DATA 


•  Molecular  Weight:  525.19  (4201) 

•  Physical  State:  Solid,  crystals  (4201) 

•  Color:  Colorless  (4201) 

•  Odor:  Slight  odor  of  nitric  acid  (4201) 

•  Odor  Threshold:  ND 

•  Density:  4.78  g/cm^  (4201) 

•  Melting  Point:  70°  C,  with  decomposition  (4201) 


•  Boiling  Point:  ND 

•  Flash  Point:  ND 

•  Flammable  Limits:  ND 

•  Autoignition  Temperature:  ND 

•  Vapor  Pressure:  ND 

•  Saturated  Concentration  in  Air:  ND 

•  Solubility  in  Water:  Soluble  in  13  parts  water  containing  1%  (4201) 

nitric  acid 

•  Viscosity:  ND 

•  Surface  Tension:  ND 

•  Log  (Octanol- Water  Partition  Coeff.):  ND 

•  Soil- Water  Distribution  Coeff.:  ND 

•  Henry’s  Law  Constant:  ND 

•  Bioconcentration  Factor:  ND 


MERCURY  -  METHOXYETHYL  MERCURIC  ACETATE 
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COMMON  SYNONYMS: 

CAS.  Reg.  No.;  151-38-2 

NIOSHNo.;  OV6300000 

Methoxyethyl  mercuric 

EPA  Hazardous  Waste  No.:  ND 

acetate 

Acetato 

(2-methoxyethyl)mercury 

Chemical  Formula:  CH30(CH2)2HgCH2C00H 

REACTIVITY  (4200) 


Methoxyethyl  mercuric  acetate  emits  toxic  fumes  of  Hg  upon  heating. 


PHYSICO-CHEMICAL  DATA  (4200) 


Molecular  Weight:  318.74 

Physical  State:  Solid,  crystals 

Color:  ND 

Odor:  ND 

Odor  Threshold:  ND 

Density:  ND 

Melting  Point;  ND 

Boiling  Point:  ND 

Flash  Point:  ND 

Flammable  Limits:  ND 

Autoignition  Temperature:  ND 

Vapor  Pressure:  ND 

Saturated  Concentration  in  Air:  ND 

Solubility  in  Water:  Soluble  in  water 

Viscosity:  ND 

Surface  Tension:  ND 

Log  (Octanol- Water  Partition  Coeff.):  ND 

Soil- Water  Distribution  Coeff.:  ND 

Henry’s  Law  Constant:  ND 

Bioconcentration  Factor:  ND 
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METHYLMERCURIC  DICYANDIAMIDE 


COMMON  SYNONYMS: 

Methylmercuric 

dicyandiamide 

Cyano(methylmercuri)- 

guanidine 

Mercury,  (3-cyanoguani- 
dino)methyI- 
Methylmercury 
dicyanamide 
Methylmercuric 
cyanoguanidine 
MEMA 


CAS.  Reg.  No.:  502-39-6 
NIOSHNo.:  OW1750000 
EPA  Hazardous  Waste  No.:  ND 


Chemical  Formula;  CHjHgCNCNNHNHj 


REAcnvrrY  (4200) 


Methylmercuric  dicyandiamide  emits  toxic  fumes  of  Hg  and  NO^  upon  heating. 


PHYSICO-CHEMICAL  DATA  (4200) 


Molecular  Weight:  298.72 
Physical  State:  ND 
Color:  ND 
Odor:  ND 
Odor  Threshold:  ND 
Density:  NL 
Melting  Point:  ND 
Boiling  Point:  ND 
Flash  Point:  ND 
Flammable  Limits:  ND 
Autoignition  Temperature:  ND 
Vapor  Pressure:  ND 


MERCURY  -  METHYLMERCURIC  DICYANDIAMIDE 


PHYSICO-CHEMICAL  DATA  (ConL) 


•  Saturated  Concentration  in  Air:  ND 

•  Solubility  in  Water:  ND 

•  Viscosity:  ND 

•  Surface  Tension:  ND 

•  Log  (Octanol- Water  Partition  Coeff.):  ND 

•  Soil- Water  Distribution  Coeff.:  ND 

•  Henry’s  Law  Constant:  ND 

•  Bioconcentration  Factor:  ND 
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MERCURY  -  METHYLMERCURY 


COMMON  SYNONYMS: 

CAS.  Reg.  No.:  22967-92-6 

NIOSHNo.:  OW6320000 

Methylmercury 

EPA  Hazardous  Waste  No.:  ND 

Methyl-mercury  (1+) 

Methylmercury(li)  cation 

Methylmercury  ion 

Methylmercury  ion(l+) 

Chemical  Formula:  CHjHg*^ 

REACTIVITY  (4200,  4203) 


Methylmercury  decomposed  to  emit  toxic  fumes  of  Hg  upon  heating. 


PHYSICO-CHEMICAL  DATA  (4200) 


Molecular  Weight;  215.63 

Physical  State:  ND 

Color:  ND 

Odor:  ND 

Odor  Threshold:  ND 

Density:  ND 

Melting  Point:  ND 

Boiling  Point:  ND 

Flash  Point:  ND 

Flammable  Limits:  ND 

Autoignition  Temperature:  ND 

Vapor  Pressure:  ND 

Saturated  Concentration  in  Air:  ND 

Solubility  in  Water:  ND 

Viscosity:  ND 

Surface  Tension:  ND 

Log  (Octanol- Water  Partition  Coeff.):  ND 

Soil- Water  Distribution  Coeff.:  ND 

Henry’s  Law  Constant:  ND 

Bioconcentration  Factor:  ND 


MERCURY  -  PHENYLMERCURIC  ACETATE 
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COMMON  SYNONYMS: 

Phenylmercuric  acetate 
Phenylmercury  acetate 
(Acetato)phenylmercury 
Acetoxyphenylmercury 
Acetoxymercuribenzene 
Mercuriphenyl  acetate 


CAS.  Reg.  No.:  62-38-4 
NIOSHNo.:  OV6475000 
EPA  Hazardous  Waste  No.:  P092 


Chemical  Formula:  C^HsHgOOCCHj 


PMA 


REACTIVITY  (4203,  4206) 


Phenylmercuric  ions  precipitate  in  the  presence  of  halides.  Phenylmercury 
acetate  is  incompatible  with  strong  oxidizing  agents,  strong  reducing  agents,  and 
strong  acids.  It  decomposes  to  emit  carbon  monoxide,  carbon  dioxide,  and  toxic 
fumes  of  Hg  and  HgO. 


PHYSICO-CHEMICAL  DATA 


•  Molecular  Weight:  336.75  (4201) 

•  Physical  State:  Crystalline  powder,  small  prisms  or  leaflets  (4203) 

•  Color:  White  to  creamy  white  (4203) 

•  Odor:  Odorless  (4203) 

•  Odor  Threshold:  ND 

•  Density:  ND 

•  Melting  Point:  149°C  (4201) 

•  Boiling  Point:  ND 

•  Hash  Point:  >100“F  (4203) 

•  Hammable  Limits:  ND 

•  Autoignition  Temperature:  ND 


73-24  MERCURY  -  PHENYLMERCURIC  ACETATE 


PHYSICO-CHEMICAL  DATA  (ConL) 


•  Vapor  Pressure:  9E-06  mm  Hg  (35®  C)  (4203) 

•  Saturated  Concentration  in  Air:  ND 

•  Solubility  in  Water:  Slightly  soluble,  0.17  g/100  mL  (4207) 

•  Viscosity:  ND 

•  Surface  Tension:  ND 

•  Log  (Octanol- Water  Partition  Coeff.):  ND 

•  Soil-Water  Distribution  Coeff.:  ND 

•  Henry’s  Law  Constant:  ND 

•  Bioconcentration  Factor:  ND 


MERCURY  -  PHENYLMERCURIC  CHLORIDE 
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COMMON  SYNONYMS: 

Phenylmercuric  chloride 
Phenylmercury(II)chloride 
Phenylmercury  chloride 
Chlorophenylmercury 
Mercuriphenyl  chloride 
Phenyl  chloromercury 
(Chloroniercuri)benzene 


CAS.  Reg.  No.:  100-56-1 
NIOSHNo.:  OW1400000 
EPA  Hazardous  Waste  No.:  D009 


Chemical  Formula:  C^HjHgCl 


REACnVITY  (4206,  4200) 


Phenylmercuric  chloride  is  incompatible  with  strong  oxidizing  agents,  strong 
reducing  agents,  and  strong  acids.  It  decomposes  to  emit  carbon  monoxide, 
carbon  dioxide,  hydrogen  chloride  gas,  toxic  fumes  of  Hg  and  HgO. 


PHYSICOCHEMICAL  DATA 


Molecular  Weight:  313.18 

Physical  State:  Solid,  satiny  leaflets 

Color:  White 

Odor:  ND 

Odor  Threshold:  ND 

Density:  ND 

Melting  Point:  250-252®  C 

Boiling  Point:  Sublimes 

Flash  Point:  ND 

Flammable  Limits:  ND 

Autoignition  Temperature:  ND 

Vapor  Pressure:  ND 

Saturated  Concentration  in  Air:  ND 

Solubility  in  Water:  Practically  insoluble;  1  in  20,000  parts 

Viscosity:  ND 

Surface  Tension:  ND 

Log  (Octanol-Water  Partition  Coeff.):  ND 

Soil- Water  Distribution  Coeff.:  ND 

Henry’s  Law  Constant:  ND 

Bioconcentration  Factor:  ND 


(4201) 

(4201) 

(4201) 


(4201) 

(4200) 


(4201) 
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MERCURY 


HANDLING  PRECAUTIONS  (4208,  4209) 


ELEMENTAL  MERCURY: 

*  0.5  mg/m*:  any  chemical  cartridge  respirator  with  cartridge(s)  providing 
protection  against  the  compound  of  concern,  any  supplied-air  respirator,  any  self- 
contained  breathing  apparatus  *  1.25  mg/m*:  any  supplied-air  respirator 
operated  in  a  continuous  flow  mode,  any  powered  air-purifying  respirator  with 
cartridge(s)  providing  protection  against  the  compound  of  concern  *  2.5  mg/m*: 
any  supplied-air  respirator  with  a  full  facepiece,  any  self-contained  breathing 
apparatus  with  a  full  facepiece,  any  supplied-air  respirator  with  a  tight-Htting 
facepiece  operated  in  a  continuous  flow  mode,  any  chemical  cartridge  respirator 
with  a  full  facepiece  and  cartridge(s)  providing  protection  against  the  compound 
of  concern,  any  air-purifying  full  facepiece  respirator  (gas  mask)  with  a  chin-style 
or  front-  or  back-mounted  canister  providing  protection  against  the  compound  of 
concern,  any  powered  air-purifying  respirator  with  a  tight-fitting  facepiece  and 
cartridge(s)  providing  protection  against  the  compound  of  concern  *  28  mg/m*: 
any  supplied-air  respirator  with  a  half-mask  and  o()erated  in  a  pressure-demand 
or  other  positive  pressure  mode  *  Unknown  or  IDLH  conditions:  any  self- 
contained  breathing  apparatus  with  full  facepiece  and  operated  in  a  pressure- 
demand  or  other  positive  pressure  mode,  any  supplied-air  respirator  with  a  full 
facepiece  and  operated  in  pressure-demand  or  other  positive  pressure  mode  in 
combination  with  an  auxiliaty  self-contained  breathing  apparatus  operated  in 
pressure-demand  or  other  positive  pressure  mode  *  Escape:  any  air-purifying 
full  facepiece  respirator  (gas  mask)  with  a  chin-style  or  front-  or  back-mounted 
canister  providing  protection  against  the  compound  of  concern,  any  appropriate 
escape-type  self-contained  breathing  apparatus. 

INORGANIC  MERCURY  COMPOUNDS  (mercuric  chloride,  mercuric  nitrate, 
mercuric  oxide,  mercuric  sulfate,  mercurous  nitrate,  mercuric  acetate,  mercuric 
cyanide,  mercury  fulminate,  mercuric  thiocyanate): 

*  0.5  mg/m*:  any  air-purifying  respirator  with  a  high-efficiency  particulate  filter, 
any  supplied-air  respirator,  any  self-contained  breathing  apparatus  *  1.25  mg/m*: 
any  supplied-air  respirator  operated  in  a  continuous  flow  mode,  any  powered  air- 
purifying  respirator  with  a  high-efficiency  particulate  filter  *  2.5  m^m*:  any 
supplied-air  respirator  with  a  full  facepiece,  any  self-contained  breathing 
apparatus  with  a  full  facepiece,  any  air-purifying  full  facepiece  respirator  with  a 
high-efficiency  particulate  filter,  any  powered  air-purifying  respirator  with  a  tight- 
fitting  facepiece  and  a  high-efficiency  particulate  filter,  any  supplied =air 
respirator  with  a  tight-fitting  facepiece  operated  in  a  continuous  flow  mode 


MERCURY 
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HANDLING  PRECAUTIONS  (ConL)  (4208,  4209) 


*  28  mg/m^:  any  supplied-air  respirator  with  a  half-mask  and  operatedsupplied- 
air  respirator  with  a  half-mask  and  operated  in  a  pressure-demand  or  other 
positive  pressure  mode  *  Unknown  or  IDLH  conditions:  any  self-contained 
breathing  apparatus  with  full  facepiece  and  operated  in  a  pressure-demand  or 
other  positive  pressure  mode,  any  supplied-air  respirator  with  a  full  facepiece 
and  operated  in  pressure-demand  or  other  positive  pressure  mode  in 
combination  with  an  auxiliary  self-contained  breathing  apparatus  operated  in 
pressure-demand  or  other  positive  pressure  mode  *  Escape:  any  air-purifying 
respirator  with  a  high-efficiency  particulate  filter,  any  appropriate  escape-type 
self-contained  breathing  apparatus. 

MERCURY  (ORGANO)  ALKYL: 

*0.1  mg/m^:  any  supplied-air  respirator,  any  self-contained  breathing  apparatus 

*  0.25  mg/m^:  any  supplied-air  respirator  operated  in  a  continuous  flow  mode  * 
0.5  mg/m^:  any  supplied-air  respirator  with  a  full  facepiece,  any  aelf-contained 
breathing  apparatus  with  a  full  facepiece,  any  supplied-air  respirator  with  tight- 
fitting  racepiece  operated  in  a  continuous  flow  mode  *  10  mg/m^:  any  supplied- 
air  respirator  with  a  half-mask  and  operated  in  a  pressure-demand  or  other 
positive  pressure  mode  *  *  Unknown  or  IDLH  conditions:  any  self-contained 
breathing  apparatus  with  full  facepiece  and  operated  in  a  pressure-demand  or 
other  positive  pressure  mode,  any  supplied-air  respirator  with  a  full  facepiece 
and  operated  in  pressure-demand  or  other  positive  pressure  mode  in 
combination  with  an  auxiliary  self-contained  breathing  apparatus  operated  in 
pressure-demand  or  other  positive-pressure  mode  •  Escape:  any  appropriate 
escape-type  self-contained  breathing  apparatus. 


MERCURY 


PERSISTANCE  IN  THE  SOII^WATER  SYSTEM 


Mercury  constantly  cycles  through  the  atmospheric,  aquatic,  and  terrestrial 
environments.  In  the  atmosphere,  mercury  is  converted  to  soluble  species  that 
are  transported  to  the  earth’s  surface  in  rain;  in  soil,  the  movement  of  mercury  is 
limited  primarily  by  its  sorption  to  sulfur  and  organic  matter;  in  water,  mercury 
may  undergo  various  chemical  and  physical  transformations,  but  biomethylation 
(aerobic  and  anaerobic)  and  bioaccumulation/bioconcentration  are  the  most 
significant  from  the  standpoint  of  human  and  environmental  effects. 


PATHWAYS  OF  EXPOSURE 


There  is  evidence  that  mercury  may  be  taken  up  from  the  soil  by  plants  that  are 
part  of  the  human  diet;  however,  primary  sources  of  exposure  include: 
contaminated  fish,  occupational  activities  (mining,  smelting,  refining),  and  dental 
amalgams.  Groundwater/drinking  water  is  not  a  significant  source  of  exposure. 


MERCURY 
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HEALTH  HAZARD  DATA 


Signs  and  Symptoms  of  Short-term  Human  Exposure: 

Inhalation: 

Mercury  vapor  causes  coughing,  rales,  fever,  constriction  of  the  chest  and  acute 
pneumonitis. 

Oral: 

Elemental  or  metallic  mercury  is  not  a  toxic  hazard  by  the  oral  route.  Inorganic 
mercuric  salts  are  corrosive  to  the  gastrointestinal  tract  and  cause  damage  to  the 
kidneys  resulting  in  a  decrease  in  renal  function. 

Dermal: 


Elemental  mercury  can  cause  dermatitis  in  hypersensitive  individuals. 
Acute  Toxicitv  Studies: 

Inhalation: 


TDlo 

44.3  mg/mVSh 

(mercury) 

Human  male 

(4200) 

LClo 

29  mg/m^/30h 

(mercury) 

Rabbit 

(4200) 

Oral: 

LDi, 

29  mg/kg 

(mercuric  chloride) 

Human 

(4200) 

LDlo 

27  mg/kg 

(mercuric  cyanide) 

Human 

(4200) 

TDlo 

10  mg/kg 

(mercuric  cyanide) 

Human  female 

(4200) 

LD50 

40.9  mg/kg 

(mercuric  acetate) 

Rat 

(4200) 

LD50 

76  mg/kg 

(mercuric  acetate) 

Rat 

(4210) 

LDlo 

25  mg/kg 

(mercuric  cyanide) 

Rat 

(4200) 

LD30 

26  mg/kg 

(mercuric  cyanide) 

Rat 

(4210) 

LD50 

26  mg/kg 

(mercuric  nitrate) 

Ra» 

(4200) 

LD50 

18  mg/kg 

(mercuric  oxide) 

Rat 

(4210,  4200) 

LD50 

23.9  mg/kg 

(mercuric  acetate) 

Mouse 

(4200) 

LD50 

62  mg/kg 

(mercuric  acetate) 

Mouse 

(4210) 

LD50 

33  mg/kg 

(mercuric  cyanide) 

Mouse 

(4210) 

LD50 

25  mg/kg 

(mercuric  nitrate) 

Mouse 

(4200) 

LD50 

16-22  mg/kg 

(mercuric  oxide) 

Mouse 

(4210,  4200) 
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HEALTH  HAZARD  DATA  (ConL) 

Oral  (conL) 

LDjo 

57  mg/kg 

(mercuric  sulfate) 

Rat 

(4210,  4200) 

LD50 

170  mg/kg 

(mercurous  nitrate) 

Rat 

(4200) 

LDjo 

297  mg/kg 

(mercurous  nitrate) 

Rat 

(4210) 

LDjo 

25  mg/kg 

(methoxyethyl 

Rat 

(4200) 

mercuric  acetate) 

LD30 

22  mg/kg 

(phenylmercury 

Rat 

(4200) 

acetate) 

LD50 

40  mg/kg 

(phenylmercury 

Rat 

(4211) 

acetate) 

LDjo 

60  mg/kg 

(phenylmercury 

Rat 

(4211) 

acetate) 

LDso 

60  mg/kg 

(phenylmercuric 

chloride) 

Rat 

(4200) 

TD,„ 

1.35  mg/kg 

(methylmercury) 

Rat 

(4200) 

LDjo 

25  mg/kg 

(mercuric  sulfate) 

Mouse 

(4200) 

LDjo 

40  mg/kg 

(mercuric  sulfate) 

Mouse 

(4210) 

LDjo 

49.3  mg/kg 

(mercurous  nitrate) 

Mouse 

(4200) 

LDjo 

399  mg/kg 

(mercurous  nitrate) 

Mouse 

(4210) 

LDjo 

20  mg/kg 

(methylmercuric 

Mouse 

(4200) 

dicyandiamide) 

LDjo 

13  mg/kg 

(phenylmercuric 

Mouse 

(4211) 

acetate) 

LDjo 

43  mg/kg 

(phenylmercury 

Mouse 

(4200) 

acetate) 

Dermal: 

TDlo 

129  mg/kg/5  hr  (mercury) 

Human 

(4200) 

LDjo 

570  mg/kg 

(mercuric  acetate) 

Rat 

(4200) 

LDjo 

41  mg/kg 

(mercuric  chloride) 

Rat 

(4200) 

LDjo 

75  mg/kg 

(mercuric  nitrate) 

Rat 

(4200) 

LDjo 

315  mg/kg 

(mercuric  oxide) 

Rat 

(4200) 

LDjo 

625  mg/kg 

(mercuric  sulfate) 

Rat 

(4200) 

LDjo 

2330  mg/kg 

(mercurous  nitrate) 

Rat 

(4200) 
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I  _ 

HEALTH  HAZARD  DATA  (ConL) 


Long-Term  EfTects: 

Mercury:  CNS  and  renal  effects 

Mercuric  chloride,  mercuric  riitrate,  mercuric  oxide,  mercuric  sulfate,  mercuric 
acetate:  kidney  effects 

Methylmercury,  methyl  mercuric  dicyandiamide:  CNS  effects 
Ethylmercuric  phosphate:  CNS  effects 

Phenylmercury  acetate,  phenylmercury  chloride,  methoxyethyl  mercuric  acetate: 
probably  kidney  effects 

Mercurous  nitrate,  mercuric  cyanide,  mercury  fulminate,  mercuric  thiocyanate: 
ND 


Prcgnancv/Nconate  Data: 

Ethylmercuric  phosphate,  methylmercuric  dicyandiamide:  developmental  toxicity 
Mercury,  mercuric  chloride,  mercuric  nitrate,  mercuric  oxide,  mercuric  sulfate, 
mercurous  nitrate,  mercuric  acetate,  mercuric  cyanide,  mercury  fulminate, 
mercuric  thiocyanate,  methoxyethyl  mercuric  acetate,  phenylmercury  acetate, 
phenylmercury  chloride:  ND 


Gcnotoxidtv  Data: 

Genotoxicity  data  are  not  sufficient  for  evaluation  for  mercury  or  mercury 
compounds. 


Carcinogenicity  gassification: 

lARC  —  No  evaluation 

NTP  —  No  data 

EPA  —  Group  D  (not  classifiable  as  to  human  carcinogenicity)  for  inorganic 
mercury  (4212) 
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ENVIRONMENTAL  AND  OCCUPATIONAL  STANDARDS 
AND  CRITERIA 


Am  EXPOSURE  LIMITS: 

Standards 

•  OSHA  (8-hr  TWA):  Mercury  vapor:  0.05  mg/m^  (as  Hg)  (skin); 

Organo  mercury,  alkyl  compounds: 

0.01  mg/m^  (as  Hg)  (skin) 

•  OSHA  CEILING:  Aryl  and  inorganic  mercury: 

0.1  mg/m^  (as  Hg)  (skin) 

•  STEL  (15-min.):  Organo  mercury,  alkyl  compounds: 

0.03  mg/m*  (as  Hg)  (skin) 

•  AFOSH  PEL  (8-hr  TWA):  Mercury  vapor:  0.05  mg/m*  (as  Hg)  (skin); 

Organo  mercury,  alkyl  compounds; 

0.1  mg/m*  (as  Hg)  (skin) 

•  AFOSH  PEL  (15-min.  ceiling)  Aryl  and  inorganic  mercury  (ceiling): 

0.1  mg/m*  (as  Hg)  (skin) 


Criteria 

•  NIOSH  IDLH  (30-min):  Elemental  mercury  and  inorganic 

compounds:  28  mg/m*  (as  Hg); 
Organo  and  alkyl  mercury  compounds: 
10  mg/m*  (as  Hg) 

•  NIOSH  REL  (10-hr  TWA):  Elemental  mercury  and  inorganic 

compounds:  0.05  mg/m*  (as  Hg); 

Organo  and  alkyl  mercury  compounds: 
0.01  mg/m*  (as  Hg) 

Elemental  mercury  and  inorganic 
compounds:  0.1  mg/m*  (as  Hg); 
Organo  and  alkyl  mercury  compounds: 
0.01  mg/m*  (as  Hg) 


•  NIOSH  STEL  (15-min  ceiling): 
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•  ACGIH  TLV  (8-hr  TWA):  Alkyl  mercury  compounds: 

0.01  mg/m^  (as  Hg); 

All  forms  except  alkyl  mercury  vapor: 
0.05  mg/m^  (as  Hg); 

Aryl  and  inorganic  mercury  compounds: 
0.1  mg/m^  (as  Hg); 

•  ACGIH  STEL  (15-min):  Alkyl  mercury  compounds: 

0.03  mg/m^  (as  Hg) 

WATER  EXPOSURE  LIMITS: 

Drinking  Water  Standards  (4214) 

•  NIPDWR:  0.002  mg/L  current  MCL 

•  MCL:  0.002  mg/L  (proposed) 

•  MCLG:  0.002  mg/L  (proposed) 

EPA  Health  Advisories  and  Cancer  Risk  Levels  (4215) 

•  The  EPA  has  developed  nonregulatory  concentrations  of  drinking  water 
contaminants  that  would  not  result  in  adverse  health  effects  over  specified 
durations  of  exposure.  The  Health  Advisories  for  mercury  (as  Hg)  arc  as 
follows: 

—  1-day  (child):  ND 

—  10-day  (child):  ND 

—  longer-term  (child):  ND 

—  longer-term  (adult):  0.002  mg/L 

—  lifetime  (adult):  0.002  mg/L 

—  DWEL  (adult):  10  mg/L 

—  Cancer  Group:  D  (oral  route) 

WHO  Drinking  Water  Guideline  (4216) 


•  A  health-based  guideline  value  of  0.001  mg/L  (as  Hg)  is  proposed  for  drinking 
water.  A  daily  per  capita  consumption  of  two  liters  of  water  was  assumed. 
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EPA  Ambient  Water  Quality  Oiteria  (4217) 

•  Human  Health 

—  Based  on  ingestion  of  water  and  contaminated  aquatic  organisms,  the 
ambient  water  quality  criterion  is  144  ng/L.  Based  on  ingestion  of 
contaminated  aquatic  organisms  alone,  the  ambient  water  quality  criterion 
is  146  ng/L 

•  Aquatic  life 

—  Freshwater  species 
Acute  toxicity: 

No  unacceptable  effects  if  the  1-hr  average  mercury  concentration  (as 
Hg^*)  does  not  exceed  2.4  pg/L  more  than  once  every  3  years 

Chronic  toxicity: 

No  unacceptable  effects  if  the  4-day  average  mercury  concentration  (as 
Hg^*)  does  not  exceed  0.012  pg/L  more  than  once  every  3  years 

—  Saltwater  species 
Acute  toxicity: 

No  unacceptable  effects  if  the  1-hr  average  mercury  concentration  (as 
Hg^*)  does  not  exceed  2.1  pg/L  more  than  once  every  3  years 

Chronic  toxicity: 

No  unacceptable  effects  if  the  4-day  average  mercury  concentration  (as 
Hg^^)  does  not  exceed  0.025  pg/L  more  than  once  every  3  years 

REFERENCE  DOSES: 

•  Inhalation: 

Mercury  (inorganic):  3E-04mg/m^  (4361) 

•  Oral: 

Methyl  mercury:  3E-04  mg/kg/day  (as  Hg)  (4218) 

Phenylmercuric  acetate:  8E-05  mg/kg/day  (4219) 
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Promulgated  Regulations 
•  Federal  Programs 

Clean  Water  Act  (CWA) 

The  following  mercury  compounds  have  been  designated  as  hazardous 
substances  under  the  CWA:  mercuric  cyanide,  mercuric  nitrate,  mercuric 
sulfate,  mercuric  thiocyanate,  and  mercurous  nitrate  (7015).  The 
reportable  quantity  (RQ)  limit  has  been  set  at  0.454  kg  (1  lb)  for  mercuric 
cyanide,  and  4.54  kg  (10  lbs)  for  the  remaining  mercury  compounds  (7016). 
Mercury  and  mercury  compounds  are  listed  as  toxic  pollutants,  subject  to 
general  pretreatment  regulations  for  new  and  existing  sources,  and  effluent 
standards  and  guidelines  (7017,  7018).  Effluent  limitations  for  effluent 
containing  mercury  exist  in  the  following  point  source  categories:  inorganic 
chemicals  manufacturing  (7019),  nonferrous  metals  manufacturing  (7020), 
steam  electric  power  generating  (7021),  ore  mining  and  dressing  (7023), 
and  battery  manufacturing  (7027).  Effluent  limitations  for  total  metals  exist 
in  the  electroplating  point  source  category  (7025).  Limitations  vary 
depending  on  the  type  of  plant  and  industry. 

Safe  Drinking  Water  Act  (SDWA) 

Mercury  is  on  the  list  of  83  contaminants  required  to  be  regulated  under 
the  SDWA  Amendments  of  1986  (7050).  Under  the  National  Interim 
Primary  Drinking  Water  Regulations,  the  maximum  contaminant  level 
(MCL)  is  set  at  0.002  mg/L  for  mercury  in  drinking  water.  This  applies  to 
community  water  systems  (7051).  In  states  with  an  approved  Underground 
Injection  Control  program,  a  permit  is  required  for  the  injection  of 
mercury-containing  wastes  designated  as  hazardous  under  RCRA  (7054). 

Resource  Conservation  and  Recovery  Act  (RCRA) 

The  following  mercury  compounds  are  listed  as  acute  hazardous  wastes 
under  RCRA:  mercury  fulminate  (#P065),  and  phenylmercury  acetate 
(#P092).  Mercury  is  also  identified  as  a  toxic  hazardous  waste  (7078).  All 
of  the  above  are  also  listed  as  hazardous  waste  constituents  (7079).  Brine 
purification  muds  (#K071)  and  wastewater  treatment  sludge  (#K106)  from 
the  mercury  cell  process  in  chlorine  production  are  listed  as  specific  sources 
of  mercury-containing  hazardous  waste  (7076,  7077).  Solid  wastes  contain¬ 
ing  mercury  are  listed  as  hazardous,  in  that  they  exhibit  the  characteristic 
defined  as  EP  toxicity,  when  the  TCLP  extract  concentration 
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of  mercury  is  equal  to  or  greater  than  0.2  mg/L  (7074).  Mercury  is  subject  to 
land  disposal  restrictions  when  its  concentration  as  a  hazardous  constituent 
exceeds  designated  levels.  Effective  August  8,  1990,  mercury-containing 
hazardous  waste  stream  #K071  is  prohibited  from  land  disposal  or 
underground  injection  unless  the  designated  treatment  standard  or  the 
statutory  no  migration  standard  is  met.  Certain  variances  for  waste  stream 
numbers  P092,  P065,  and  K106  exist  until  May  8,  1990.  EPA  has  propped 
land  disposal  restrictions  for  these  wastes  and  hopes  to  have  them  finalized  by 
this  date  (see  Proposed  Regulations  section).  Site-specific  variances  can  be 
obtained  for  soil  and  debris  contaminated  with  hazardous  waste  (7068,  7084). 
Effective  August  8,  1990,  liquid  wastes  containing  mercury  in  concentrations 
greater  than  or  equal  to  20  mg/L  are  prohibited  from  underground  injection 
(7083).  For  groundwater  protection,  the  maximum  concentration  of  mercury- 
containing  hazardous  waste  allowed  in  groundwater  is  0.002  mg/L  (7080). 
Mercury  is  included  on  EPA’s  groundwater  monitoring  list.  EPA  requires 
that  all  hazardous  waste  treatment,  storage,  and  disposal  facilities  monitor 
their  groundwater  for  chemicals  on  this  list  when  suspected  contamination  is 
first  detected  and  annually  thereafter  (7082). 

Comprehensive  Environmental  Response  Compensation  and  Liability  Act 
(CERCLA) 

Mercury  compounds  designated  as  hazardous  substances  under  CERCLA,  and 
their  corresponding  reportable  quantity  limits  (RQs)  include:  mercuric 
nitrate,  mercuric  sulfate,  mercuric  thiocyanate,  mercurous  nitrate,  and 
mercury  fulminate,  4.54  kg  (10  lbs);  mercuric  cyanide  and  mercury,  0.454  kg 
(1  lb);  and  phenylmercury  acetate  45.4  kg  (100  lbs).  Reportable  quantities 
have  also  b^n  issued  for  RCRA  hazardous  waste  streams  containing 
mercury,  but  these  depend  on  the  concentration  of  the  chemical  in  the  waste 
stream  (7064).  Mercury  compounds  designated  as  extremely  hazardous 
substances  under  SARA  Title  III  Section  302  include:  ethylmercuric 
phosphate,  mercuric  acetate,  mercuric  chloride,  mercuric  oxide, 
methoxyethylmercuric  acetate,  methylmercuric  dicyanamide  and 
phenylmercury  acetate.  Under  Sections  311  and  312,  any  facility  at  which 
these  compounds  are  present  in  an  amount  greater  than  or  equal  to  500 
pounds  or  in  excess  of  their  threshold  planning  quantities,  whichever  is  lower, 
must  notify  state  and  local  emergency  planning  officials.  The  threshold 
planning  quantities  are  set  at  10,000  pounds  for  ethylmercuric  phosphate  and 
500  pounds  for  the  other  mercury  compounds.  If  any  of  these  mercury 
compounds  are  released  from  a  facility  in  excess  of  their  reportable  quantities 
(RGs),  local  emergency  planning  officials  must  be  notified  (7060).  Under 
SARA  Title  III  S^tion  31.3,  manufacturers,  processors,  importers,  and  users 
of  mercury  compounds  must  report  annually,  to  EPA  and  state  officials,  their 
releases  of  this  chemical  to  the  environment  (7059). 
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Occupational  Safety  and  Health  Act  (OSHA) 

Employee  exposure  to  mercury  aryl  and  inorganic  compounds  shall  not 
exceed  a  ceiling  level  of  0.1  mg/m^  at  any  time  during  an  8-hour  workshift. 
Employee  skin  exposure  to  shall  be  prevented/reduc^  through  the  use  of 
protective  clothing  and  practices.  Employee  exposure  to  mercury  (organo) 
alkyl  compounds  shall  not  exceed  an  8-hour  time-weighted  average  (TWA) 
of  0.01  mg/m^  or  a  15-minute  short-term  exposure  limit  (STEL)  of  0.03 
mg/m^  at  any  time  during  an  8-hour  work-day.  Employee  skin  exposure 
shall  be  prevented/redu(^  through  the  use  of  protective  clothing  and 
practices.  Enforcement  of  the  limits  for  mercury  alkyl  compounds  are 
indefinitely  stayed  until  OSHA  publishes  in  the  Federal  Register  a  notice 
that  a  sampling  and  analytical  technique  is  available.  Employee  exposure 
to  mercury  vapor  shall  not  exceed  an  8-hour  time-weighti  average  (TWA) 
of  0.05  m^m^.  Employee  skin  exposure  shall  be  prevented/  reduced 
through  the  use  of  protective  clothing  and  practices  (7000).  Any  substance 
or  waste  defined  as  hazardous  under  RCRA,  CERCLA,  or  HMTA  is 
subject  to  the  amended  Hazardous  Waste  Operations  and  Emergency 
Response  standard  listed  under  29CFR1910.120,  effective  March  6,  1990. 
The  standard  is  applicable  to  any  clean-up  operations  at  uncontrolled 
hazardous  waste  sites  being  cleaned-up  under  government  mandate,  certain 
hazardous  waste  treatment,  storage,  and  disposal  operations  conducted 
under  RCRA,  and  any  emergency  response  to  inciints  involving 
hazardous  sul»tances.  The  standard  lists  employee  protection  requirements 
during  initial  site  characterization  analysis,  monitoring  activities,  materials 
handling  activities,  training,  and  emergency  response  requirements  (7003). 

Clean  Air  Act  (CAA) 

Mercury  has  been  designated  a  hazardous  air  pollutant  under  Section  112 
of  the  Clean  Air  Act  (7061).  Detailed  emission  standards,  and  sampling, 
monitoring,  reporting,  and  recordkeeping  requirements  are  listed  at 
40CFR61. 50-56.  Emissions  to  the  atmosphere  from  mercury  ore  processing 
facilities  and  mercury  cell  chlor-alkali  plants  shall  not  exceed  2300  grams  of 
mercury  per  24-hour  period.  Emissions  to  the  atmosphere  from  sludge 
incineration  plants,  sludge  drying  plants,  or  a  combination  of  these  that 
process  wastewater  treatment  plant  sludges  shall  not  exceed  3200  grams  of 
mercury  per  24-hour  period  (7062). 

Hazarrinm  Materiab  Transportation  Act  (HMTA) 

The  Department  of  Transportation  has  designated  the  following  mercury 
compounds  as  hazardous  materials,  subject  to  requirements  for  packaging, 
labeling  and  transportation:  mercuric  cyanide,  mercuric  nitrate,  mercuric 
phenylmercuric  acetate  (7010). 
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Marine  Protection.  Research,  and  Sanctuaries  Act  (MPRSA) 

Ocean  dumping  of  organohalogen  compounds,  mercury  or  cadmium  com¬ 
pounds,  as  well  as  the  dumping  of  oils  or  known  or  suspected  carcinogens, 
mutagens,  or  teratogens  is  prohibited  except  when  they  are  present  as  trace 
contaminants.  Permit  applicants  are  exempt  from  these  regulations  if  they 
can  demonstrate  that  such  chemical  constituents  are  non-toxic  and  non-bio- 
accumulative  in  the  marine  environment  or  are  rapidly  rendered  harmless 
by  physical,  chemical  or  biological  processes  in  the  sea  (7009). 

Food.  Drug,  and  Cosmetic  Act  (FDCA) 

The  level  for  mercury  in  bottled  drinking  water  is  0.002  mg/L.  This  level  is 
identical  to  the  maximum  contaminant  level  (MCL)  given  under  the  Safe 
Drinking  Water  Act  (7070). 

•  State  Water  Programs 

AIJ.STATFS 

All  states  have  adopted  EPA  Ambient  Water  Quality  Criteria  and 
NPDWRs  (see  Water  Exposure  Limits  section)  as  their  promulgated  state 
regulations,  either  by  narrative  reference  or  by  relisting  the  specific 
numeric  criteria.  These  states  have  promulgated  additional  or  more 
stringent  criteria: 

DISTRICT  OF  COLUMBIA 

The  District  of  Columbia  has  set  a  human  health  criterion  of  0.0001  mg/L 
for  total  recoverable  mercury  in  class  D  (public  water  supply)  surface 
waters  (7121). 

FLORIDA 

Florida  has  set  the  following  water  quality  criteria  for  mercury  in  surface 
waters:  0.2  for  class  I  (potable  water  supply),  class  III  (recreation, 
fish  and  wildlife),  class  IV  (agriculture)  and  class  V  (navigation,  industry) 
fresh  waters;  0.1  /ig/L  for  class  II  (shellfish)  and  class  III  marine  waters 
(7112). 

VERMONT 

Vermont  has  a  preventive  action  limit  of  1.0  |ig/L  for  mercury  in 
groundwater.  The  enforcement  standard,  however,  is  2.0  the  same  as 
the  federal  MCL  (7114). 

VIRGINIA 

Virginia  has  a  water  quality  criterion  of  0.00005  mg/L  for  mercury  in 
groundwater  (7115). 
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WEST  VIRGINIA 

West  Virginia  has  set  a  water  quality  criterion  of  0.2  /ig/L  total  mercury 
concentration  in  any  unfiltered  water  sample  in  classes  B1  and  B3 
(warmwater),  B2  (troutwater),  C  (recreation),  and  A  (public  water  supply) 
surface  waters  (7123). 

WISCONSIN 

Wisconsin  has  set  an  acute  toxicity  criterion  of  1.53  /ig/L  mercury  for  the 
protection  of  aquatic  life  in  surface  waters.  Wisconsin  also  has  a  "wild  and 
domestic  animal"  criterion  of  2.0  ng/L  for  surface  waters  to  protect  animals 
from  adverse  effects  from  ingestion  of  surface  water  or  aquatic  organisms 
taken  from  surface  water  (7124).  In  addition,  Wisconsin  has  set  a 
preventive  action  limit  of  0.2  /ig/L  for  mercury  in  groundwater  (7116). 

WYOMING 

Wyoming  has  a  water  quality  criterion  of  0.00005  mg/L  for  mercury  in  class 
III  (livestock)  groundwater  (7120). 


Proposed  Regulations 
•  Federal  Programs 

5>afe  Drinking  Water  Act  (SDWA) 

The  Environmental  Protection  Agency  (EPA)  has  proposed  a  maximum 
contaminant  level  (MCL)  and  a  maximum  contaminant  level  goal  (MCLG) 
of  0.002  mg/L  for  mercury  in  drinking  water.  This  would  apply  to 
community  water  systems  and  non-community  non-transient  (NTNC)  water 
systems.  Final  action  on  this  proposal  is  expected  by  January,  1991  (7049). 

Resource  Conservation  and  Recovery  Act  (RCRA) 

EPA  has  proposed  that  mercury-containing  hazardous  wastes  #P065  and 
#P092  and  wastewater  treatment  sludge  from  the  mercury  cell  process  in 
chlorine  production  (#K106)  be  prohibited  from  land  disposal  and 
underground  injection,  effective  May  8,  1990,  unless  designated  treatment 
standards  or  the  statutory  no  migration  standards  are  met.  Final  action  on 
this  rule  is  expected  by  May,  19W  (7085).  EPA  has  proposed  emission  rate 
screening  limits  for  mercury  in  the  burning  of  hazardous  waste  in  boilers 
and  industrial  furnaces.  Limits  vary  as  a  function  of  device  type  and 
thermal  capacity.  Final  action  on  this  rule  is  expected  by  Dumber,  1990 
(7110). 
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Comprehensive  Environmental  Response.  Compensation,  and  Liability  Act 
(CERCLA) 

EPA  has  proposed  that  the  following  mercury  compounds,  listed  as  an 
extremely  hazardous  substances  under  SARA,  be  listed  as  CERCLA  hazar¬ 
dous  substances:  mercuric  acetate,  mercuric  chloride,  mercuric  oxide, 
methoxyethyl  mercuric  acetate,  and  methylmercuric  dicyanamide.  Reportable 
quantities  would  be  set  at  4.54  kg  (10  lbs)  for  methylmercuric  dicyanamide, 
and  45.4  kg  (100  lbs)  for  the  remaining  mercury  compounds  (7065,  7066). 

•  State  Water  Programs 

MOST  STATES 

Most  States  are  in  the  process  of  revising  their  water  programs  and  proposing 
changes  in  their  regulations  which  will  follow  EPA’s  changes  when  they 
become  final.  Contact  with  the  state  officer  is  advised.  Changes  are 
projected  for  1990-91  (7058). 

MISSISSIPPI 

Mississippi  has  proposed  a  water  quality  criterion  of  0.000144  mg/L  for 
mercury  in  public  water  supply  (PWS)  surface  waters  (7122). 
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EEC  DifiBctivieat 

Directive  on  Drinlring  Water  (7086) 

The  mandatory  values  for  mercury  in  surface  water  treatment  categories  Al, 
A2  and  A3  used  or  intended  for  abstraction  in  drinking  water  are  0.001 
mg/L.  Guideline  values  for  categories  Al,  A2,  and  A3  are  0.0005  mg/L. 

Directive  on  Bathing  Water  Quality  (7087) 

There  are  no  mandatory  values  for  mercury  or  guidelines  values.  When 
inspection  of  the  bathing  area  shows  that  concentrations  of  mercury  may  be 
present  or  that  the  quality  of  the  water  has  deteriorated,  concentrations 
should  be  checked  by  competent  authorities. 

Directive  on  Discharge  of  Dangerous  Substances  (7088) 

Mercury  cannot  be  discharged  into  inland  surface  waters,  territorial  waters  or 
internal  coastal  waters  without  prior  authorization  from  member  countries 
which  issue  emission  standards.  A  system  of  zero-emission  applies  to 
discharge  of  the  substances  into  ground  water. 

Directive  on  the  QuaUtv  of  Shellfish  Waters  (7090) 

The  mandatory  specifications  for  mercury  specify  that  the  concentration  of 
each  substances  in  the  shellfish  water  or  in  the  shellfish  flesh  must  not  reach 
or  exceed  a  level  which  has  harmful  effects  on  the  shellfish  and  larvae.  The 
synergistic  effects  of  other  metals  must  be  taken  into  consideration.  The 
guideline  specifications  state  that  the  concentration  of  mercury  in  shellfish 
must  be  so  limited  that  it  contributes  to  the  high  quality  of  shellfish  product. 

Directive  on  Ground  Water  (7091) 

To  ensure  the  effective  protection  of  groundwater  in  the  Community  it  is 
necessary  to  limit  the  discharge  of  mercury  in  groundwater.  The  purpose  of 
this  directive  is  to  prevent  pollution  of  groundwater  substances  belonging  to 
substances  listed  in  the  Annex  of  this  directive.  Mercury  shall  be  subject  to 
prior  review  so  as  to  limit  discharge  into  groundwater.  Member  states  may 
grant  authorization,  provided  that  all  technical  precautions  for  preventing 
groundwater  pollution  by  mercury  has  been  observed. 

Directive  Relating  to  the  Quality  of  Water  Intended  for  Human  Consumption 
(7092) 

The  maximum  admissible  concentration  for  mercury  is  0.5|ig/L.  No  guide 
level  is  given. 
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Directive  on  Tone  and  Dangerous  Wastes  (7093) 

Any  installation,  establishment,  or  undertaking  which  produces,  holds  and/or 
disposes  of  certain  toxic  and  dangerous  wastes  including  mercury  and  mercury 
compounds  shall  keep  a  record  of  the  quantity,  nature,  physical  and  chemical 
characteristics  and  origin  of  such  wastes,  and  of  the  methods  and  sites  used 
for  disposing  of  such  waste. 

Directive  on  the  Classification.  Packaging  and  Labeling  of  Dangerous 
Substances  (70^ 

Mercury  is  classified  as  a  toxic  substance  and  is  subject  to  packaging  and 
labeling  regulations.  Mercury  may  contain  a  stabilizer.  If  the  stabilizer 
changes  the  dangerous  properties  of  this  substance,  substance  should  be 
labeled  in  accordance  to  rules  in  Annex  I  and  EEC/884/490,  July  22,  1989. 

E)irective  on  Plant  Protection  Products  (7096) 

Plant  protection  products  containing  mercuric  oxide  and  mercurous  chloride 
(calomel),  inorganic  mercury  compounds,  alkyl  mercury  compounds, 
alkoxyall^l  and  aryl  mercury  compounds  may  be  placed  on  the  market  only  in 
cases  permitted  in  accordance  with  Article  4  of  this  directive.  If  it  appears 
necessary,  because  of  an  unforeseeable  danger  threatening  plant  production 
which  cannot  be  controlled  by  other  means,  such  products  may  be  permitted 
to  be  marketed  and/or  used  for  a  maximum  period  of  120  days. 

Directive  on  Major  Accident  Ha7artfa  nf  Certain  Industrial  Activities  (7100) 
Mercury  Fulminate  manufacturers  are  required  to  notify  competent 
authorities  if  it  is  stored  or  processed  in  quantities  in  excess  of  10  tons.  If  a 
major  accident  occurs,  authorities  must  be  provided  with  the  circumstances  of 
the  accident,  substances  involved,  emergency  measures  taken,  and  the  data 
available  for  assessing  the  effects  on  man  and  the  environment. 

Directive  on  the  Combating  of  Air  Pollution  From  Industrial  Plants  (7104) 
Mercury  and  mercury  compounds  are  considered  heavy  metals  and  are 
classing  as  polluting  substances  in  Annex  II  of  this  directive.  This  directive 
requires  member  states  to  ensure  that  the  types  of  industrial  plans  listed  in 
Annex  I  receive  authorization  before  operation  or  substantial  alteration. 
Industrial  plants  which  produce  or  use  cadmium  or  cadmium  compounds  for 
its  operation  must  require  prior  authorization  by  the  competent  authorities. 
An  authorization  may  be  issued  only  when  competent  authority  is  satisfied 
that:  (1)  all  appropriate  preventive  measures  against  air  pollution  have  been 
taken;  (2)  the  use  of  the  plant  should  not  cause  significant  air  pollution, 
particularly  from  the  emission  of  substances  in  Annex  II;  and  all  air  quality 
limit  values  applicable  taken  into  account. 
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EEC  Directive  on  Limit  Values  and  Quality  Objectives  For  Mercuiv 
Dischar^  by  the  Chlor-Alfali  Electrolysis  Industiv  (7107) 

This  directive  lays  down  limit  values  of  emission  standards  on  mercury 
discharged  from  industrial  plants  which  produce  chlorine  by  electrolysis  alkali 
chlorides.  Member  states  may  only  authorize  discharges  of  mercury  and  its 
compounds  from  these  plants  if  they  conform  to  the  limit  values  or  quality 
objectives  specified  in  Annexes  I  and  II  of  this  directive.  Authorization  must 
be  reviewed  every  four  years.  New  plants  may  only  receive  authorization  if 
the  authorizations  contains  a  reference  to  the  standards  corresponding  to  the 
best  technical  means  available  for  preventing  discharges  of  mercury. 

EEC  Directive  On  IJmit  Values  and  Quality  Objectives  For  Mercuiv 
Discharges  bv  Sectors  Other  Than  The  Chlor-alkali  Electrolysis 
Indust^  (7109) 

This  directive  regulates  mercury  from  other  kinds  of  industrial  processes  that 
the  chlor-alkali  process.  It  requires  member  states  to  authorize  industrial 
plants  to  discharge  mercury  in  conformity,  at  the  minimum,  with  the  limit 
values  or  quality  objectives  outlined  in  Annexes  I  and  II.  For  multiple 
sources  which  are  not  industrial  plants  and  for  which  limit  values  cannot  be 
applied  in  practice,  member  states  must  implement  programs  to  avoid  or 
eliminate  mercury  pollution  as  of  July  1, 1989.  The  program  must  include  the 
most  appropriate  measures  and  techniques  to  be  used  for  the  replacement, 
retention  and  recycling  of  mercury. 

EEX!!  Directive-Proposed 

Proposal  for  a  Council  Directive  on  the  Dumping  of  Waste  at  the  Sea  (7099) 
EEC  has  proposed  that  dumping  of  mercury  and  mercury  compounds  at  the 
sea  may  be  prohibited. 

Proposal  for  a  Council  Regulation  Conceminf  Export  From  and  Import 
Into  the  Community  of  Certain  Dangerous  Chemicals  (7101) 

EEC  has  proposed  that  any  export  of  mercuric  oxide,  mercurous  chloride 
(calomel),  other  inorganic  mercury  compounds,  alkyl  mercury  compounds, 
alkoxyall^l  and  aryl  mercury  compounds  on  its  own  or  in  preparations  must 
be  reported  by  the  exporter  to  a  designated  authority  in  the  state  of  export 
and  the  state  of  import.  The  product  must  be  packaged  and  labeled  in 
accordance  with  the  Directive  on  Classification,  Packaging,  and  Labeling  of 
Dangerous  Substances. 
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EEC  Diffsctivcs  Decisioiis 

EEC  Council  Decision  on  the  Convention  On  Marine  Pollution  From 
Land-Based  Sources  (710S) 

The  convention  provides  steps  to  be  taken  in  preventing  pollution  of  the 
North  East  Atlantic  and  The  North  Sea  from  land-based  sources.  These  steps 
apply  to  three  substances  listed  in  Annex  A:  Part  I  substances  include 
persistent  chemical  families  or  materials  must  be  eliminated;  Part  II 
substances,  includes  mercury  and  its  compounds  which  seem  less  noxious  or 
are  more  readily  rendered  harmless  by  natural  processes.  Discharges  must  be 
subject  to  approval  by  representatives  of  the  contracting  party. 

EEC  Cnuncfl  Decision  on  Marine  Pollution  By  Mercury  and  Cadmium  (7106) 
This  decision  mandates  the  EEC  Community  to  comply  with  programs  of 
emission  standards,  limit  values,  quality  objectives,  reference  methods  of 
measurement,  monitoring  procedures  and  time  limits  laid  down  in  the 
PARCOM  D^isions  by  directives  76/464/EEC,  83/513/EEC  and  814/156 
EEC.  It  applies  to  mercury  and  cadmium  discharges  by  sectors  other  than  the 
chlor-alkali  electrolysis  industry. 
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73.1  MAJOR  USES 

Mercury  is  produced  in  the  liquid  elemental  form  and  is  used  predominately  in 
that  form  and  in  a  variety  of  amalgams  with  other  metals  (4220).  In  1989, 
approximately  49%  of  the  mercury  consumed  in  the  U.S.  was  used  (as  mercury  metal, 
Zn-Hg  and  Cd-Hg  amalgams,  and  HgO)  in  electrical  apparatus  such  as  lighting,  wiring, 
and  batteries;  and  about  21%  was  used  (in  liquid  elemental  form)  in  the  manufacture 
of  caustic  soda  and  chlorine  by  the  mercury  cell  process  (4222,  4220).  Mercury  has 
been  used  in  paint  manufacturing  (phenylmercuric  acetate),  and  is  used  in  dental 
preparations  (Sn-Hg  and  Ag-Hg  amalgams),  in  industrial  control  instruments  (liquid 
form),  and  in  the  production  of  pharmaceuticals  (such  as  diuretics,  antiseptics,  and  skin 
preparations),  catalysts,  bactericides,  and  fungicides  (4220,  4238).  The  U.S.  mine 
production  of  mercury,  which  has  been  declining,  was  approximately  1.26  x  10*  pounds 
in  1985  and  worldwide  production  (minus  U.S.  production)  was  13.59  x  10*  pounds  in 
1986  (4222).  In  1986  approximately  1.53  x  10*  pounds  were  imported  to  the  U.S.  and 
in  1987  1.40  x  10*  pounds  were  imported  (4222). 


73.2  ENVIRONMENTAL  FATE  AND  EXPOSURE  PATHWAYS 

Because  mercury  tends  to  concentrate  in  sulfides,  it  is  considered  to  be  a 
chalcophilic  element  (4223).  Cinnabar  («-HgS),  which  is  86.2%  mercury,  is  its  principal 
and  most  common  ore  (4224).  Mercury  is  also  commonly  found  as  metacinnabar  (6- 
HgS),  in  the  uncombined  state,  and,  in  small  amounts,  in  other  sulfides. 

Mercury  metal  and  amalgams,  phenyl  mercury  compounds,  HgO,  and 
methylated  forms  of  the  metal  are  of  potential  environmental  significance.  The 
complex  environmental  chemistry  of  mercury  is  attributed  to  its  various  oxidation  states 
(0,  +1,  +2),  its  propensity  to  undergo  biotic  and  abiotic  methylation,  and  the  volatility 
of  several  forms  of  mercury  (4221).  Hg®  (elemental  or  metallic  mercury)  exists  in  a 
liquid  state  at  ambient  temperatures  and  has  a  tendency  to  vaf>orizc;  Hg*^  is  the 
mercurous  state;  Hg2*^,  »s  the  intermediate  oxidation  state  consisting  of  two  atoms  that 
have  each  lost  one  electron  (forms  salts  such  as  mercurous  chloride  or  calomeP;  and 
Hg"^"^,  divalent  inorganic  or  mercuric  mercury,  forms  an  array  of  salts  and  organic 
compounds  (4225,  4226).  Upon  release  to  the  environment,  most  species  of  mercury 
can  be  converted  to  Hg^^  (4221).  Organic  mercury  compounds  are  those  in  which  the 
mercury  atom  is  covalently  linked  to  at  least  one  carbon  atom  (4226).  The  forms,  Hg°, 
Hg'^'*^,  and  CHjHg^,  are  responsible  for  most  human  exposure  to  mercury  (4226). 

Mercury  is  released  into  the  environment  from  both  natural  and  manmade 
sources.  Natural  sources  of  mercury  consist  of  the  degassing  of  the  earth’s  crust, 
volcanic  emissions,  and  evaporation  from  the  oceans  (4226).  Of  these,  degassing  is  the 
main  source,  resulting  in  the  release  of  25,000-125,000  metric  tons  a  year  (4227).  An 
additional  800  metric  tons  of  mercury  are  released  into  natural  waters  from  weathering 
(4228).  Some  of  this  may  be  deposited  as  sediment,  some  is  probably  taken  up  by  the 
soil.  In  fresh  waters,  levels  of  methylmercury  are  about  .30%  of  the  total  mercury 
(4229,  42.30).  Anthropogenic  sources  include  industries  that  use  mercury  in 
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manufacturing  electrical  equipment;  facilities  that  produce  chlorine,  caustic  soda,  or 
biocides;  crematoria;  dentistry  (amalgams);  and  the  burning  of  fossil  fuels  (4226). 

Using  emissions  factors  and  statistics  on  global  production  or  consumption  of 
industrial  goods,  Nriagu  and  Pacyna  (4233)  calculated  the  world  wide  anthropogenic 
emissions  of  trace  metals  to  the  atmosphere  and  to  water  and  soil.  Total  atmospheric 
emissions  of  mercury  were  estimated  to  be  0.91-6.20  x  10*  kg/yr  mainly  from  coal 
combustion  and  municipal  refuse  incineration.  Total  emissions  into  aquatic  ecosystems 
were  estimated  to  be  0.3-8.8  x  10*  kg/^r,  with  major  contributions  coming  from  steam 
electric,  chemical  manufacturing  processes,  and  atmospheric  fallout.  Total  emissions 
into  soils  were  estimated  to  be  1.6-15  x  10*  kg/yr,  with  a  large  part  coming  from  coal 
and  bottom  fly  ash  and  atmospheric  fallout  (4233). 

Mercury  is  transported  primarily  in  the  atmospheric  environment,  where  it  may 
persist  mainly  as  Hg*;  however,  although  both  Hg-h-l-  and  MeHg  have  been  found  in 
the  atmosphere.  It  is  converted  in  the  atmosphere  to  soluble  species  that  are 
transported  to  the  earth’s  surface  in  rain  (4226).  The  "finar  deposition  of 
approximately  two-thirds  of  emitted  mercury  occurs  within  200-2000  km  of  the  source 
(4232).  Less  than  20%  is  permanently  deposited  and  the  remainder  is  re-emitted  into 
the  atmosphere  (4234,  4235). 

Andren  and  Nriagu  (4236)  calculated  the  residence  times  of  mercury  for  the 
various  environmental  compartments  to  be:  soils,  1000  years;  atmosphere,  1 1  days; 
oceans,  2100  years;  and  sediments,  2.5  x  10*  years.  The  atmospheric  residence  time  is 
apparently  lower  than  previous  calculations  by  other  investigators  [0.3-2.0  years  (4237)]. 
Figure  1  depicts  the  cycling  of  mercury  in  the  environment. 

73.2.1  Transport  in  SoU/Ground-water  Systems 

732.1.1  Overview 

Background  levels  of  mercury  in  the  soil  are  difficult  to  determine  because  of 
widespread  pollution  (4240).  It  has  been  estimated,  however,  that  the  mercury  content 
of  magmatic  rocks  is  fairly  low  while  levels  in  sedimentary  rocks,  argillaceous  sediments 
and  in  particular,  organic  rich  shales  are  much  higher  (40-400  ppb)  (4240).  These 
concentrations  are  generally  reflected  in  the  concentrations  of  mercury  in  the 
corresponding  soil  and  aquatic  environments.  The  factors  that  are  most  significant  in 
controlling  the  fate  of  mercury  in  the  environment  are  sorption  to  soils  and  sediments, 
biotransformation  and  methylation/demethylation,  and  volatilization  and  photolysis 
(4221). 

73.2.1.2  Sorption  on  Soils 

Mercury,  not  very  mobile  during  weathering,  is  strongly  sorbed  onto  soils  and 
sediments,  particularly  when  added  to  the  soil  as  elemental  mercury  or  as  cationic  or 
anionic  complexes  (4241,  4242,  4243).  The  processes  that  are  most  important  to  the 
sorption  of  mercury  are  the  formation  of  organomercury  compounds  that  are  relatively 
stable  and  only  slightly  mobile  in  aqueous  media  (4240,  4221)  and  the  affinity  to  form 
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Figure  73-1 

The  cycling  of  Mercury  in  the  Environment 
Source:  (4232) 
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strong  bonds  with  sulfur  that  could  result  in  coprecipitation,  with  iron  sulfides,  for 
example  (4240,  4221).  Although  mercury  has  an  affinity  for  the  sulfhydryl  groups  in 
clay  as  well  as  those  in  organic  matter,  some  studies  indicate  that  the  sorption  of 
mercury  by  clays  in  soil  is  relatively  limited  (4240).  For  methylmercuiy,  the  sequence 
of  sorption  is  as  follows:  organics>>illite>>montmorillonite>>sand  (4244).  The 
results  of  experimental  studies  have  suggested  that  Hg(OH)2  is  the  predominant 
aqueous  species  at  neutral  or  higher  soil  pH  (4245)  and,  according  to  some  sources,  is 
the  preferred  sorbed  species  (4246,  4247).  The  highly  stable  Hg-Cl  appears  to  be 
poorly  sorbed  (4248). 

The  sorption  of  mercury  is  influenced  by  pH,  Cl',  and  dissolved  oiQ^gen. 
Although  the  el^fect  of  pH  is  not  consistent,  it  appears  that  the  optimal  sorption  of 
HgCl2  on  organics  occurs  at  pH  <5  (4249).  The  presence  of  Cl'  apparently  decreases 
sorption  on  sediments  (4244,  4250),  peat  (4251),  and  Mn  oxides  (4246).  Increasing 
dissolved  oxygen  reduces  the  sorption  of  Hg(II)  and  methylmercury  (4251). 

Once  sorption  has  occurred,  the  desorption  of  mercury  is  negligible  (4252).  In 
an  experimental  study,  70  hours  of  agitation  with  distilled  water,  resulted  in  the 
desorption  of  less  than  1%  of  Hg^*  (4252).  The  process  of  sorption  is  rapid  and,  for 
inorganic  Hg,  is  lO-'-lO*  times  greater  than  the  rate  of  desorption. 

Langmuir  constants  determined  for  mercury  demonstrate  that  (a)  as  the  percent 
of  organic  carbon  and  percent  of  clay  in  soil  increase,  the  maximum  sorption  capacity 
(A„)  also  increases  (A„  values  are  1.6  pmol/g  for  Asquith  soil  and  12.3  pn  )l/g  for 
Oxbow  soil);  and  (b)  as  the  percent  of  organic  matter  in  sediments  increases  (0.57* 
10.78%),  the  maximum  sorption  capacity  (219.4-463.6  pmol/g)  (4253)  and  the  sorption 
constant  (4.3-5.9  log  KJ,  which  is  related  to  the  binding  energy  of  the  sorbate,  increase 
(4247). 

73.Z1  J  Volatilization  from  Soils 

Metallic  mercury  has  a  uniquely  high  vapor  pressure,  relative  to  other  metals 
(4225)  and  there  is  considerable  evidence  to  demonstrate  that  mercury  is  volatilized 
from  soil,  water  and  biota  (4254).  Sources  of  atmospheric  mercury  include  vascular 
plants;  non-vascular  plants,  such  as  lichens  and  moss,  algae,  phytoplankton;  the  oceanic 
surface,  especially  in  biologically  productive  up-welling  equatorial  locations;  various 
types  of  mercuriferous  and  non-mercuriferous  soils;  and  mercury-containing  solid  waste 
deposits  (4254).  In  preliminary  studies  in  Canada  and  Sweden,  environmental 
measurements  of  vapor  phase  mercury  concentrations  over  lakes  and  over  nearby  land, 
using  a  mrxiined  concentration  gradient  technique,  revealed  consistently  and 
significantly  higher  concentrations  in  air  over  water  (3.2-12.0  ng  emitted/m%our)  than 
in  air  over  land  (0.9- 1.4  ng  emitted/m^/hour)  (4254).  Based  on  experimental  evidence 
and  theoretical  considerations  that  include  Henry’s  Law  coefficients,  Schroeder  and 
Lindqvist  (4254)  concluded  that  elemental  mercury  and  dimethyl  mercury  [insoluble  in 
water  and  having  a  high  vapor  pressure  (4220)]  are  the  principal  candidates  for 
volatilization  (emission  and/or  re-emission)  into  the  atmosphere  from  soil  surfaces  and 
from  natural  waters. 
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Liquid  mercury  [vapor  pressure  0.0018  mm  Hg  at  25®  C  (4255)]  is  converted  in 
soils  to  more  volatile  sp)ecies  making  volatilization  an  even  more  significant  transport 
mechanism.  This  occurs  more  quickly  for  the  soluble  species  such  as  HgCl2  and 
Hg(N03)2,  than  for  the  less  soluble  ones  such  as  HgO  and  HgS  (4221),  and  more 
quickly  in  sand  and  loam  than  in  clay  (4256).  Callahan  et  al.  (4225)  suggest  that  the 
methylation  of  mercury  would  enhance  its  volatilization,  even  though  the  monometkyl 
compounds,  rather  than  the  non-ionizable  dimethyl  compounds,  are  the  principal 
products  of  biological  methylation  (4257). 

The  Henry’s  law  constant  for  Hg®  (aq.)  has  been  estimated  to  be  8.5  atm  M  ’ 
(4258);  the  metal  is  readily  lost  from  aqueous  systems  at  normal  temperature.  The 
ratio  of  the  mass  transfer  coefficient  of  mercury  to  that  of  oxygen  is  0.94±0.08  between 
0*  and  30*  C,  a  value  that  is  higher  than  that  of  many  common  volatiles  such  as 
trichloroethylene  (0.57),  propane  (0.72),  and  ethylene  (0.87)  (4259). 

73.2.2  Transformation  Processes  in  Soil/Giound-water  Systems 

Once  mercury  is  deposited  in  soil  or  water  it  may  undergo  a  variety  of  chemical 
and  biological  transformations.  From  the  standpoint  of  human  exposure,  one  of  the 
most  important  of  these  transformations  is  the  methylation  of  mercury  by 
microorganisms,  possibly  via  methylcobalamin  (4226,  4232).  The  transformed  mercury 
is  soluble  and  mobile  and  is  readily  bioaccumulated  and  bioconcentrated  by  aquatic 
organisms,  increasing  in  concentration  as  it  rises  through  the  food  chain.  The  highest 
concentrations  can  be  found  in  muscle  of  the  most  predatory  species  of  fish  (4226). 
Bioconcentration  factors,  based  on  the  concentration  of  mercury  in  the  aquatic 
organism  (in  ppm  of  wet  weight)  divided  by  the  concentration  of  the  element  in  water 
(in  ppm)  have  been  calculated  for  the  following  organisms:  marine  plants  (1000), 
marine  invertebrates  (100,000),  marine  fish  (1670),  freshwater  plants  (1000),  freshwater 
invertebrates  (100,000),  and  freshwater  fish  (1000)  (4225). 

The  biological  methylation  of  mercury  can  proceed  in  soil  solution  and  water 
under  aerobic,  and  to  a  lesser  extent,  anaerobic  conditions.  In  the  anaerobic 
environment,  mercury  is  rarely  present  without  the  simultaneous  presence  of  hydrogen 
sulfide,  favoring  the  formation  of  HgS  (4260,  4261).  Methylation  can  result  in  the 
remobilization  of  sorbed  mercury  (4221).  Hg**  is  the  form  that  is  methylated; 
however,  Hg(liquid),  phenylmercury,  and  most  other  species  are  available  for 
methylation,  because  they  can  be  converted  to  Hg**  upon  release  to  the  environment 
(4221).  Even  HgS,  which  is  least  available  to  methylation  because  of  its  insolubility 
(4220),  can  be  solubilized  by  certain  microbes  and  eventually  methylated  (4221). 

The  rate  of  biomethylation  depends  on  the  concentration  of  Hg**,  the 
metabolic  activity  of  the  bacteria,  pH,  temperature,  redox  potential,  and  organic 
substrate  (4262).  The  proportions  of  monomethyl-  and  dimethylmercury  formed  are 
influenced  by  Hg**  concentration  and  pH.  For  example,  low  initial  Hg** 
concentrations  and  pH  ^7  result  in  dimethyl  mercury,  while  higher  initial  Hg** 
concentrations  and  acidic  pH  favor  monomethylmercury  (4285).  A  pH  of 
approximately  4.5  is  ideal  for  the  formation  of  monomethyl  mercury  in  the  laboratory 
or  in  sediments  (4263). 
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In  addition  to  microbial  methylation,  chemical-mediated  (abiotic)  methylation  is 
also  possible  (4221,  4231).  For  example,  methyl  groups  from  other  compounds  (e.g., 
water-soluble  methyl  silicon  compounds  and  methyl  groups  present  as  contaminants  in 
ethyl-lead  compounds)  react  with  Hg**  to  produce  methylmercury.  These  types  of 
reactions  are  directly  proportional  to  temperature  and  Hg'^'*’  concentration  and 
inversely  proportional  to  pH  (where  pH  is  >5)  (4256). 

A  proposed  kinetic  model  has  shown  that:  (a)  near  neutral  pH, 
monomethylmercury  is  the  main  product  of  methylation;  (b)  the  rate  of  methylation  is 
higher  in  aerobic  than  in  anaerobic  systems  for  a  given  inorganic  mercury  concentration 
and  microbial  growth  rate;  (c)  a  higher  microbial  growth  rate  produces  higher 
methylation  rate  under  aerobic  as  well  as  anaerobic  conditions;  (d)  methylation  rates 
can  be  reduced  by  the  addition  of  sulfide  to  certain  anaerobic  systems;  and  (e) 
temperature  influences  methylation  rate  through  its  efl'ects  on  the  metabolic  rate  of  the 
organisms  (4264). 

Biological  methylation  has  been  observed  in  sediments  (4257),  in  the  water 
column  in  freshwater  (4265),  in  fish  intestines  (4266),  and  on  fish  skin  (4267). 

E)emcthylation  of  methylated  mercury  compounds  has  been  observed 
(4268,  4269),  complicating  the  interpretation  of  methylation  data.  The  process  is 
considered  to  be  fairly  widespread  and  frequent  and  has  been  shown  to  occur  in 
polluted  sediments,  in  marine  mammals,  and  in  birds,  mink,  otter  and  fish  (4232). 
Compared  with  methylation,  demethylation  is  a  much  slower  process,  occurring  only  at 
elevated  levels  of  methylmercury  (4260). 

Another  process,  photolysis,  appears  to  be  important  to  the  chemical  speciation 
of  mercury  in  the  atmosphere  and  perhaps  in  the  aquatic  environment  (4225).  Various 
investigators  have  suggested  that  dimethylmercury  undergoes  photolysis  to  form 
monomethylmercury  (4270,  4271,  4272),  and  others  have  suggested  the 
photodecomposition  of  phenylmercury  compounds  in  the  atmosphere  and  natural 
waters  (4273).  Wood  (4274)  reported  that  once  in  the  atmosphere,  dimethylmercury  is 
photolyzed  by  UV  light  to  Hg°  and  methyl  radicals  which  can  react  with  hydrogen 
atoms  to  form  methane  or  couple  to  form  ethane. 

In  water,  Hg^'^  behaves  as  an  acid  and  theoretically  is  hydrolyzed,  mainly  to 
HgOH*  at  pH  2.2  to  3.8  and  to  Hg(OH)2®  at  higher  pH  values  (4351).  Mercury(I),  a 
weaker  acid  than  Hg'^'^,  hydrolyzes  to  produce  small  amounts  of  Hg2(OH)'^  (4275). 
Hg"^"*^  forms  relatively  strong  complexes  with  Cl'  and  COj'^  (4221);  this  in  combination 
with  its  strong  hydrolysis  suggests  that  the  Cl'  complexes  and  hydrolyzed  species  are 
likely  to  predominate  in  water  under  aerobic  environmental  conditions  (4221). 

Mercury  also  forms  complexes  with  sulfur  (to  form  HgS)  and  organics  (via  sulfhydryl 
groups  and  amino  groups).  Methylmercury  forms  highly  stable  complexes  with  S'^  and 
S-containing  ligands. 
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The  three  oxidation  states  of  mercury  undergo  redox  reactions  with  the 
following  equilibrium  constants: 


LogK 

REACTION  (25*C)  Source 


Hg^^  -H  2e  Hg^^^ 

30.68 

4276 

Hg2^^  2e-  2Hg(liq) 

26.79 

4276 

Hg""  -1-  Hg(liq)  ^  Hg2^" 

1.94 

4276 

Hg*-'  -t-  2e  ;s  Hg(liq) 

28.86 

4277 

%Hg2^^  +  e-  «  Hg® 

6.93 

4277 

Hg^^  +  2e-  3S  Hg® 

22.34 

4277 

73.23  Primary  Routes  of  Exposure  Grom  SoilAlround-water  Systems 

There  is  evidence  to  support  the  possibility  that  mercury,  taken  up  from  the  soil 
by  edible  plants,  could  be  directly  ingested  by  humans  or  could  enter  the  food  chain, 
undergoing  bioconcentration.  Ejq)erimental  studies  have  shown  that  plants  readily  take 
up  and  translocate  mercury  from  solution  and  soil  (4240).  In  plants  for  which  the  soil 
was  the  only  source  of  mercury,  the  rate  of  mercury  accumulation  was  highest  for  roots, 
and  then  leaves  and  grains  (4253,  4278,  4279).  In  addition,  plants  directly  absorb 
mercury  vapor  (4240). 

Background  levels  of  mercury  in  vegetables  and  fruits  vary  from  2.6  to  86  ppm 
dry  weight  (DW)  and  from  0.6  to  70  ppm  fresh  weight  (FW)  (4240).  Food  plants  in 
which  mercury  levels  were  measured  include  alfalfa  (39  ppb,  FW);  grass  and  feed 
legumes  (100  ppb  or  less,  DW);  cereals  (0.9  to  21  ppb,  DW);  grains  from  land  where 
mercuric  compound  dressings  of  seeds  were  used  (up  to  170  ppb,  D>V)  (4240). 

Mercury  levels  in  plants  may  vary  with  location  (plants  grown  in  contaminated  sites  may 
accumulate  higher  than  normal  levels),  species  (lichens,  carrots,  lettuce,  and  mushrooms 
tend  to  take  up  more  mercury  than  other  plants  grown  at  the  same  site),  and  parts  of 
plant  (apple  flesh  and  apple  pips  absorb  more  mercury  than  other  parts)  (4240). 
Mercury  also  accumulates  in  lichens  and  moss,  and  more  than  10  pg  Hg/g  was 
measured  in  edible  fungi  in  the  vicinity  of  chloralkali  plants  (4280)  and  in  a  city  center 
(4282). 


Mercury  levels  are  biomagnified  within  terrestrial  food  chains,  where 
carnivores  > omnivores  >  herbivores,  with  fish-eating  animals  generally  having  the  highest 
levels  (4283).  However,  documented  incidents  of  mercury  poisoning  in  wild  mammals 
are  rare,  either  because  it  doesn’t  occur  or  because  we  just  haven’t  observed  it.  In  a 


73-52 


MERCURY 


review  of  the  literature  on  mercury  levels  in  wild  animals,  levels  of  mercury  detected  in 
mammalian  species  were  less  than  100  jig/g  wet  weight,  and  most  were  even  less  than 
1-0  Hg/g  (4283).  Consistently  high  levels  were  observed  among  otters,  ranging  from  less 
than  1  to  98  jig/g,  depending  on  tissue  sampled  and  location  of  the  animals.  Deer,  the 
only  animals  studied  that  could  be  included  in  the  human  diet  exhibited  very  low  tissue 
levels  of  mercury.  Bennett  et  al.  (4284)  estimated  that  the  mean  concentration  of 
mercury  in  food  other  than  fish  is  0.004  iig/g. 

Magos  (4281)  reviewed  the  literature  on  mercury  exposure  and  toxicity  and 
concluded  that,  except  for  the  misuse  of  seeds  dressed  with  mercurial  fungicides,  the 
daily  intake  of  mercury  from  terrestrial  food  is  negligible.  In  Sweden,  for  example,  only 
about  5  Jig  Hg/day  was  attributed  to  terrestrial  sources  compared  with  0-800  ji^day 
attributed  to  fish  and  marine  products  (4355).  Bennett  et  al.  (4284)  also  estimated  the 
daily  intake  of  mercury  in  foods  other  than  fish  to  be  5  jig. 

The  mobility  of  mercury  in  soils  is  minimal  and  leaching  of  the  metal  through 
the  soil  to  groundwater  in  not  likely,  except  in  soils  where  the  mobility  of  mercury  may 
be  enhanced  by  leachates  from  municipal  landfills  (4286).  In  groundwater  surveys, 
mercury  levels  of  greater  than  0.5  jig/L  were  found  in  15-30%  of  wells  tested  (4288). 

In  another  survey,  monitoring  data  revealed  that  204,490  individuals  were  exposed  to 
mercury  in  drinking  water  at  concentrations  of  >2  jig/L  (the  current  MCL),  and  of 
these  836  were  exposed  from  a  groundwater  supply  which  contained  100  jig  Hg/L 
(4239).  Generally,  however,  drinking  water  is  generally  considered  to  be  a  minimal 
source  of  exposure  to  mercury  (4239). 

73JL4  Other  Sources  of  Human  Exposure 

The  major  pathway  of  mercury  to  man  is  through  the  ingestion  of  aquatic 
organisms,  especially  fish  (4231).  Fish,  depending  on  size,  can  contain  10-1500  ng  of 
Hg/g,  as  methylmercury  (4289).  Even  higher  levels  of  the  metal  have  been  observed  in 
fish  from  lakes  into  which  chloroalkali  plants  have  released  mercury  (4290). 

Specific  examples  for  the  concentrations  of  mercury  measured  in  various  fish 
are  as  follows:  (a)  white  suckers  (Catostomus  commersoni),  dorsal  muscle,  1.2  jig/g  dry 
weight  (4291);  (b)  brown  bullheads,  1.3  jig/g  dry  weight  (4291)  (fish  from  (a)  and  (b) 
were  from  two  lakes  known  to  have  elevated  surface  concentrations  of  mercury  in  their 
sediments];  (c)  eel  liver,  6.25  to  25.57  jrg/g  dry  weight  (the  eels  were  from  a  typical 
Dutch  Polder  Lake)  (4292). 

The  estimated  average  intake  rate  for  mercury  via  the  ingestion  of  fish  is 
approximately  10-12  jig/day  (4284,  4293). 

Mercury  contamination  of  human  milk  has  been  assixiated  with  the  ingestion  of 
contaminated  fish  in  instances  of  mercury  poisoning  in  Japan  in  1953  and  1970  and  in 
Iran  in  1971-1972  (4294).  Levels  in  human  breast  milk  of  people  living  in  Minimata, 
Japan,  averaged  63  jig/L  in  1968  and  500-540  in  1973  (4295),  while  levels  in  the  milk  of 
women  in  Iran  averaged  29  jig/L  (4296).  In  contrast,  "unexposed"  women  in  the  U.S. 
had  breast  milk  levels  of  0.9±0.2  jxg/liter  (4297)  and  Japanese  women  had  levels  of  3.6 
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jig/L  (4295).  The  higher  levels  in  the  milk  of  the  Japanese  women  was  attributed  to 
their  higher  rate  of  fish  consumption.  These  data  indicate  that  women  in  the  United 
States  have  safe  levels  of  mercury  in  breast  milk  (levels  >4  pg/L  are  thought  to  exceed 
the  safe  intake  level  for  an  infant)  (4294). 

Additional  estimates  have  been  made  relating  dietary  intake  of  mercury  and  fish 
consumption  in  other  high-risk  locations:  United  Kingdom  fishing  community,  4-443  pg 
Hg/70  kg  manAveek  (fish  consumption,  10-225  g/day);  Australia,  140  pg  Hg/person 
(assumed)Mcek  (fish  consumption,  140  g/day);  and  Greenland,  high  exposure  area,  2.39 
mg/week  (high  rate  of  seal  consumption). 

The  inadvertent  consumption  of  bread  made  from  alkylmercury-contaminated 
grain  or  by  eating  the  meat  of  farm  animals  accidentally  fed  on  such  grains  arc 
recognized  sources  of  exposure  (4299,  4300).  However,  the  use  of  mercury  for 
agricultural  purposes  (particularly  in  seed  dressings)  and  the  direct  industrial  discharges 
of  mercury  into  the  environment  have  been  reduced  in  North  America  and  parts  of 
Europe  (4231,  4283). 

In  a  monitoring  study,  background  levels  of  mercury  were  measured  in  tissues 
from  the  carcasses  of  livestock  (4301).  Mercury  concentrations  in  bovine  muscle  (7.8- 
16  pg/kg)  did  not  change  significantly  with  age  over  ~6  years;  likewise,  there  were  no 
age-related  increases  in  kidney  levels  (18-28  pg/kg).  In  porcine  carcasses,  levels  of  6.5 
and  13  pg/kg,  for  muscle  and  kidney,  respectively,  were  detected.  Levels  of  mercury 
were  measured  in  poultry  carcasses  obtained  from  several  locations  in  Ontario.  Muscle 
concentrations  were  16  pg/kg  in  chickens  both  under  and  over  14  week  old  chickens, 
while  liver  concentrations  were  21  and  20  pg  Hg/kg 
for  chickens  under  and  over  14  week  old,  respectively. 

There  is  no  evidence  that  excessive  exposure  to  mercury  would  occur  during  the 
use  of  surface  waters  for  drinking  or  recreational  pur|X)ses  (4293;  4239).  Drinking 
water  from  several  Canadian  provinces  contained  approximately  0.0002  mg/liter 
(median)  (4302).  It  is  possible  that  mercury  cocentrations  in  ambient  waters  may  be 
signficantly  reduced  by  conventional  treatment  processes  with  further  losses  exxurring 
during  the  preparation  of  beverages.  WHO  (4227)  estimated  that  the  daily  intake  of 
mercury  from  drinking-water  would  not  normally  exceed  0.1  pg. 

Occupational  exposures  are  currently  almost  completely  restricted  to  inorganic 
mercury,  of  which  mercury  vapor  is  the  most  important.  The  legal  limit  in  the  U.S.  is 
100  pg/m^  but  lower  levels  have  been  recommended  (4226).  The  major  occupational 
sources  of  exposure  are  mining,  smelting,  and  refining  and  the  use  of  liquid  mercury 
(4281).  The  manufacture  and  repair  of  various  mercury-containing  products  and  on-job 
broken  instruments  are  sources  of  exposure  to  high  concentrations  of  mercury  vapor 
(4281).  Jewelers,  dentists,  and  laboratory  workers  are  generally  exposed  to  elemental 
mercury,  but  exposure  to  organomercurials  can  occur  during  laboratory  synthesis  of 
various  chemicals  (4281).  Exposure  to  inorganic  and  organic  mercurials  can  occur 
during  the  manufacture  of  fungicides,  explosives,  pigments,  catalysts,  and 
pharmaceuticals.  The  use  of  mercury  in  the  production  of  mirrors  is  now  limited  to 
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some  fine  optical  equipment,  and  the  use  of  mercuric  nitrate  in  the  felt-hat  industry  has 
declined  considerably  (4359,  4224). 

Other  sources  of  human  exposure  include  medical  and  medicinal  uses  [many  of 
which  are  declining;  however,  dental  amalgams  are  thought  to  be  a  major  source 
(4226)];  domestic  use  (broken  thermometers,  baromerter,  old  mirrors,  etc.  are  sources 
of  mercury  vapor  exposure);  and  foods  other  than  fish  (concentrations  are  usually  less 
than  50  ng/g)  (4281). 

The  approximate  mean  concentrations  of  mercury  in  ambient  air  has  been 
estimated  to  be  7  ng/m^  and  the  intake  rate  for  the  inhalation  of  mercury  is  an 
estimated  0.14  pg/d  (4284).  Levels  in  urban  and  industrial  areas  are  higher  than  in 
rural  areas  (4239).  The  U.S.  EPA  (4237)  indicated  that  atmospheric  concentrations  are 
unlikely  to  exceed  average  values  of  50  ng/m^ 

73.2.5  Biological  Monitoring 

Mercury  is  not  a  nutritional  element;  therefore,  its  presence  in  the  body  does 
not  serve  a  beneficial  purpose.  Blood  mercury  levels  may  ^  6  |ig/L  in  individuals  with 
low  consumption  of  fish,  50  pg/L  in  individuals  with  moderate  consumption  of  tunafish 
and  200  \^qJL  in  individuals  consuming  large  quantities  of  predatory  marine  fish  (4317). 
About  95%  of  mercury  in  whole  blood  is  found  in  RBCs,  almost  all  of  which  is 
methylmercury  (4360).  Mercury  in  hair  correlates  well  with  exposure  to  methylmercury, 
because  the  concentration  in  in  hair  reflects  the  blood  concentration  at  the  time  the 
hair  was  formed  and  it  remains  stable  in  hair  for  may  years  (4227,  4226). 

Consequently,  hair  could  be  an  ideal  means  of  monitoring  exposure  to  methylmercury 
(4226).  Fecal  excretion  is  the  primary  route  for  eliminating  methylmercury  (4227); 
therefore,  urinary  mercury  is  not  an  effective  means  for  monitoring  exposure  to 
methylmercury.  The  concentration  of  total  mercury  (or  a  speciOc  derivative)  in  whole 
blood  is  used  monitor  exposure  to  methylmercury  and  other  organo  mercury 
compounds  (4317).  For  measuring  exposure  to  mercury  vapor  or  inorganic  mercury 
compounds,  the  urinary  or  blood  mercury  level  is  considered  to  be  an  good  means  for 
monitoring  exposure  (4317).  ATSDR  (4238)  summarized  methods  for  analyzing 
mercury  in  blood  and  urine. 


73  J  HUMAN  HEALTH  CONSIDERATIONS 
73J.1  Animal  Studies 

Numerous  studies  are  available  on  the  effects  of  mercury  and  mercury 
compounds  in  humans.  These  studies  focus  on  the  routes  of  exposure  that  cause 
effects  by  the  different  compounds.  For  example,  studies  regarding  elemental  mercury 
focus  on  the  inhalation  route,  inorganic  and  organic  (alkyl)  mercuric  salts  focused  on 
the  oral  route.  Because  these  studies  are  available  and  are  sufficient  for  evaluating  the 
health  effects  of  mercury  and  mercury  compounds  in  humans,  studies  in  laboratory 
animals  are  not  emphasized  in  this  report. 
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Numerous  reviews  on  the  health  effects  of  mercury  and  mercury  compounds 
can  be  found  in  the  literature.  Some  additional  information  may  be  found  in  the 
following  sources:  4227,  4238,  4239,  4287,  4304,  4348. 

733.1.1  Cardnogenicity 

A  2-year  study  conducted  by  Fitzhugh  et  al.  (4305)  did  not  show  neoplastic 
lesions  in  rats  administered  phenylmercuric  acetate  or  mercuric  acetate.  Other  long¬ 
term  studies  are  not  available  for  evaluating  the  carcinogenicity  of  mercury  and  mercury 
compounds  in  laboratory  animals. 

733.13  Genotoxicity 

No  data  are  available  regarding  the  mutagenicity  of  mercury  and  mercury 
compounds  in  bacteria.  A  significant  increase  in  chromosome  abnormalities  was 
observed  in  cats  exposed  to  methylmercury  (4306).  A  positive  correlation  was  observed 
in  the  frequency  of  chromosome  breaks  and  methylmercury  concentration  in  blood  of 
Swedish  subjects  on  a  fish  diet  (4307). 

733.13  Teratogenicity,  Embryotoxicity  and  Reproductive  Effects 

Mercuric  chloride  administered  orally  to  pregnant  Syrian  hamsters  at  4-100 
mg/kg  as  a  single  dose  caused  increased  resorptions  at  35  mg/kg,  but  no  teratogenic 
effects  (4308).  Methylmercury  compounds  have  been  shown  to  be  fetotojdc  in  mice. 

In  rats,  methylmercuiy  administered  to  the  dams  during  pregnancy  causes  CNS  toxicity 
in  the  offspring  manifested  by  behavioral  abnormalities  and  defects  in  learning  ability 
(4238). 

733.1.4.1  Short-term  Toxicologic  Effects 

Elemental  mercury  is  very  poorly  absorbed  from  the  gastrointestinal  tract; 
therefore,  it  should  not  be  toxic  by  this  route  in  laboratory  animals.  According  to  WHO 
(4227)  the  LD;^  for  laboratory  animals  lie  between  10  and  40  mg/kg.  According  to 
WHO  (4227),  any  form  of  mercury  compound  in  high  acute  doses  can  cause  damage  in 
tissues,  because  mercuiy  denatures  proteins  and,  therefore  inactivate  enzymes  causing 
disruption  of  cellular  processes  in  any  tissue  which  mercury  comes  in  contact  in 
sufficiently  concentrations. 

The  effects  of  acute  exposure  to  mercury  compounds  are  shock,  cardiovascular 
collapse,  acute  renal  failure,  and  severe  gastrointestinal  damage  (4227).  Inorganic 
mercuric  salts  do  not  efficiently  cross  the  blood-brain  barrier  and  are  not  considered 
neurotoxicants.  The  nervous  system  is  the  main  target  for  alkylmercury  compounds. 
Both  inorganic  and  organic  mercury  compounds  can  cause  damage  to  the  kidney.  Rats 
are  more  sensitive  to  induction  of  kidney  damage  than  to  induction  of  nervous  tissue 
damage;  methylmercury  has  been  shown  to  induce  morphological  and  functional  kidney 
damage  at  doses  causing  no  signs  of  neurological  dysfunction  (4227,  4239). 
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Mercury  vapors  are  absorbed  by  the  respiratory  tract  in  laboratory  animals. 
Nervous  system  effects  are  seen;  rabbits  exposed  to  4  mg  Hg/m*  for  6  hr/day,  4 
daysAveek  for  13  weeks  develop  fine  tremors  and  clonus  in  the  fore-  and  hind  limbs, 
but  morphological  damage  was  not  observed  (4309). 

733.1.4.2  Subchronic  and  Chronic  Toxicity 

Phenylmercuric  acetate  and  mercuric  acetate  were  administered  orally  to  rats 
for  2  years  (4305).  Doses  of  phenylmercuric  acetate  ranged  from  0.005-8.0  mg/kg/day. 
Phenylmercuric  acetate  caused  kidney  damage  in  females  at  0.025  mg/kg  and  in  males 
at  0.125  mg/kg.  Mercuric  acetate  caused  kidney  damage  at  2  mg/kg. 

Prolonged  exposure  to  methylmercuiy  at  doses  of  0.01  mg/kg/day  for  1 1  months 
(cats),  0.45  mg/kg/day  for  83  days  (cats),  0.6-2.4  mg/kg/day  for  8  weeks  (rats),  or  1 
mg/kg/day  for  1 1  weeks  (rats)  caused  both  behavioral  and  pathological  changes  in 
nervous  tissue  (4310,  4311,  4312,  4313,  4314).  Methylmercury  (0.05  mg/kg/day)  fed  to 
newborn  cynamologous  monkeys  for  3-4  years  caused  impaired  spatial  vision  at  high 
and  low  luminescence  (4315). 

73.3.2  Human  and  Epidemiologic  Studies 

7333.1  Short-term  Toxicologic  Eflccts 

The  acute  toxic  effects  of  mercury  depends  on  the  type  of  mercury  compound 
and  the  route  of  exposure. 

733.2.1.1  Oral  Exposure 

Elemental  mercury  is  very  poorly  absorbed  from  the  gastrointestinal  tract 
(about  0.01%)  and  is  eliminated  almost  entirely  in  the  feces  (4281,  4304,  4316). 
Therefore,  ingestion  of  elemental  mercury  is  of  extremely  low  toxicologic  significance 
(4211,  4.304).  A  200-g  dose  caused  no  adverse  effects  in  a  2-year  old  child  and  large 
amounts  ingested  by  adults  were  without  significant  effects  (4211). 

Inorganic  mercuric  salts  are  absorbed  more  efficiently  from  the  gastrointestinal 
tract  than  elemental  mercury.  Absorption  depends  upon  the  solubility  of  the 
compound  and  has  been  estimated  to  be  2-20%  of  the  ingested  dose  (4281,  4.303,  4304, 
4316).  About  2%  of  ingested  mercuric  chloride  is  absorbed,  but  absorption  may  be 
higher  at  larger  doses  due  to  the  corrosive  action  of  the  compound  (4304).  After 
absorption,  inorganic  mercuric  compounds  arc  converted  to  mercuric  ions; 
consequently,  all  have  similar  distribution  patterns,  being  taken  up  by  kidney,  liver, 
spleen,  skin,  testes,  and  some  parts  of  the  brain.  These  compounds  are  predominately 
taken  up  by  the  kidneys  and  accumulated  in  the  proximal  convoluted  tubules  of  the 
renal  cortex  and  excreted  primarily  into  urine  and  feces  (4316,  4304). 

Acute  lethal  doses  range  from  1-4  g  for  inorganic  mercuric  salts  (4304)  and  0.2- 
1.0  g  for  mercuric  chloride,  specifically  (4323).  Inorganic  mercuric  salts  cause  corrosion 
of  the  gastrointestinal  tract  (mouth,  esophagus,  and  stomach)  resulting  in  pharyngitis. 
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dysphagia,  abdominal  pain,  nausea,  vomiting,  bloody  diarrhea  due  to  the  corrosive 
action  of  the  compxiunds  on  the  intestinal  mucosa.  After  ingesting  high  doses,  shock 
and  peripheral  vascular  collapse  followed  by  death  occur  as  a  result  of  loss  of  fluids  and 
electrolytes.  In  less  severe  cases,  a  second  phase  of  toxicity  is  manifested  by  delayed 
effects  that  include  swelling  of  the  salivary  glands,  stomatitis,  gingivitis,  inflammation  of 
the  gastrointestinal  tract,  and  distended  and  tender  abdomen.  The  kidneys  are  the 
primary  target  for  inorganic  mercuric  salts  in  those  surviving  gastrointestinal  damage. 
Effects  on  renal  function  are  manifested  by  the  occurrence  of  oliguria,  anuria  and 
uremia  due  to  necrosis  of  the  proximal  tubular  epithelium  (4.116,  4224,  4304,  4.303). 
Stokinger  (4224)  also  stated  that  hepatitis  is  a  consequence  of  ingesting  inorganic 
mercury  salts  (4224). 

Samuels  et  al.  (4.32.3)  reported  that  a  19-month  old  boy  ingested  an  unknown 
amount  of  mercuric  chloride  powder  and  showed  early  symptoms  of  vomiting  followed 
by  blistering  of  the  lips  and  tongue.  Two  days  after  ingestion,  the  patient  became 
anuric;  this  condition  persisted  for  10  days.  The  blood  mercury  level  was  1920  ng/mL 
day  2  after  ingestion  and  505  ng/mL  on  day  8.  After  blood  mercury  levels  started  to 
decrease,  the  urinary  mercury  level  increased  to  2349  ng/mL.  Nineteen  months  after 
ingestion  the  mercury  levels  were  5  ng/mL  in  blood,  7  ng/mL  in  urine,  and  500-900  ng/g 
in  hair.  Stack  et  al.  (43 IP)  reported  very  little  renal  damage,  but  extensive  local 
ulceration  in  a  2.3-"  . '  .i  old  child  who  ingested  mercuric  chloride  powder.  The  initial 
blood  and  urine  m  :i  -ury  levels  were  4.5  and  .30.4  mg/L,  (4500  and  30,400  ng/mL) 
respectively.  3  h.,>  patient  received  very  early  medical  treatment.  In  addition, 
intraperitor.eal  lavage  with  mercuric  chloride  solutions  after  some  surgical  procedures 
has  resulted  in  acute  renal  failure  and  even  to  death  in  some  patients  (4319,  4320). 

Inorganic  mercurous  salts  are  less  soluble  than  mercuric  salts  and  arc  less 
corrosive  and  less  toxic.  Absorption  from  the  gastrointestinal  tract  is  very  low  and  as  a 
result,  systemic  toxicity  is  rare  (4316,  4.303). 

Short-chain  alkyl  mercury  compounds  (methylmcrcury  or  ethylmcreury)  arc 
absorbed  by  >90%  from  the  gastrointestinal  tract.  Methylmcrcury  is  retained  for  long 
periods  after  ingestion.  Micttincn  (4321)  reported  that  only  about  6%  of  radiolabeled 
methylmcrcury  bound  to  fish  protein  was  excreted  during  the  first  4  days  after  being 
ingested  by  human  volunteers.  Urinary  excretion  was  very  slow  with  only  20% 
appearing  in  urine  100  days  after  ingestion.  The  biological  half-time  was  76  days.  Two 
weeks  after  ingestion,  about  7%  of  the  body  burden  was  in  the  red  blood  cells,  and  the 
half-time  for  elimination  from  this  fraction  was  about  50  days.  Methylmcrcury  is 
secreted  into  bile  and  climmated  primarily  in  feces.  Part  of  the  methylmcrcury  can  be 
reabsorbed  from  the  intestines  and  the  remainder  is  converted  to  inorganic  mercury  by 
bacteria  before  elimination  (4226).  Because  it  easily  crosses  membranes,  tissue 
distribution  of  methylmcrcury  is  fairly  uniform  (4239).  However,  approximately  10%  of 
an  ingested  dose  of  radiolabeled  methylmcrcury  appear  in  the  head  region  (4354), 
probably  taken  up  by  the  brain  and  accounting  for  the  CNS  being  the  principal  target 
for  methylmcrcury.  Methylmcrcury  can  also  be  converted  to  inorganic  mercury  in 
various  organs  in  the  body,  but  not  in  the  brain,  where  95%  remains  unconverted 
(4.304).  According  to  Inskip  and  Piotrowski  (4322)  between  3-5%  of  the  body  burden 
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of  methylmercury  is  in  the  brain.  Methylmercury  is  also  incorporated  into  hair,  where 
it  remains  for  years  (4226). 

According  to  Berlin  (4304)  there  are  no  differences  due  to  effects  of  acute  and 
chronic  exposure  to  methylmercury  compounds;  poisoning  occurs  after  a  toxic  dose  has 
been  accumulated.  The  CNS  is  the  main  target  of  methylmercury  causing  blindness, 
deafness,  impaired  levels  of  consciousness  and  convulsions  in  more  severe  cases;  the 
symptoms,  however,  may  be  delayed  for  weeks  or  months  after  initial  exposure  (4239). 
Ethylmercury  produces  renal  effects  and  neurological  effects  similar  to  methylmercury. 
These  effects  will  be  discussed  in  more  detail  in  Section  1. 3.2.2. 

Phenylmercuric  compounds  at  doses  up  to  100  mg  have  been  reported  to  cause 
only  slight  gastrointestinal  symptoms  and  ingestion  of  1250  mg  of  mercury  as 
phenylmercuric  did  not  affect  the  kidney  (4239).  Because  the  phenol  group  is  rapidly 
removed,  phenylmercuric  compounds  have  similar  toxic  effects,  which,  in  turn,  are 
similar  to  those  of  inorganic  mercury  compounds  (4239).  Alkoxyalkyl  mercury 
compounds  (methoxyethylmercuric  acetate)  are  of  low  toxicity,  because  the  mercury  in 
these  compounds  is  readily  liberated  and  excreted  (4324).  No  effects  due  to 
methoxyethylmercuric  chloride  were  reported  in  workers  who  packaged  this  compound 
for  6  weeks,  although  blood  levels  ranged  from  0.34-1.09  mg  Hg/L  (4325). 

733.2.1 Inhalation  Exposure 

Approximately  80%  of  inhaled  mercury  vapor  (elemental  mercury)  is  retained 
in  the  lung  and  absorbed  into  the  blood  of  humans  (4227,  4287,  4316).  The  high 
efficiency  of  absorption  is  due  to  the  lipid  solubility  and  diffusible  nature  of  metallic 
mercury  favoring  its  partitioning  into  b^y  tissues  (4227).  At  air  concentrations  ranging 
from  0.05-0.35  mg/m^  75-85%  of  the  mercury  is  retained  in  humans  (4326).  Elemental 
mercury  is  transformed  to  ionic  mercury  (Hg^^)  by  a  catalase  in  the  blood  (4281),  but 
some  elemental  mercury  is  transformed  to  ionic  mercury  after  is  transported  to  the 
brain  (4303).  The  biological  half-time  of  mercury  is  3.3  days  for  the  blood,  and  21  days 
for  the  head  region,  58  days  for  the  whole  body,  and  64  days  for  the  kidney  (4327). 
Stokinger  (4224)  reported  that  a  brief  single  exposure  to  62-100  mg/m*  for  14-24  min 
may  take  up  to  2  months  for  half-time  clearance.  Elemental  mercury  is  distributed  to 
numerous  tissues,  but  it  accumulates  in  the  cerebral  cortex,  especially  the  occipital  and 
parietal  cortical  areas  of  the  brain  of  occupationally-exposed  individuals  (4304). 

The  lungs  are  the  primary  target  for  acute  inhalation  exposure  to  high 
concentrations  of  mercury  vapor  (4304).  According  to  Gerstner  and  Huff  (4316), 
symptoms  may  be  delayed  and  resemble  the  acute  onset  of  influenza,  with  symptoms  of 
fever,  chills,  nausea,  general  malaise,  shortness  of  breath,  pain  and  tightness  in  the 
chest,  and  paroxysmal  coughing.  Gross  and  microscopic  effects  are  seen  as  diffuse 
interstitial  pneumonitis  with  profuse  fibrinous  exudation  into  the  alveoli  and  erosion  of 
the  lining  of  the  bronchi  and  bronchioli.  Exposure  to  high  concentrations  of  mercury 
vapor  also  cause  a  metallic  taste  and  the  symptoms  similar  to  those  seen  after  acute 
ingestion  of  inorganic  mercuric  compounds  (nausea,  abdominal  pain,  vomiting,  diarrhea, 
headache,  albuminuria,  swelling  of  salivary  glands,  stomatitis,  and  gingivitis)  (4224). 
Berlin  (4303)  reported  that  signs  of  CNS  effects  (tremors  or  increased  excitability)  may 
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also  appear  after  acute  intoxication.  Magos  (4281)  reported  that  acute  pneumonitis, 
tightness  of  the  chest,  dyspnea,  and  paroxysmal  cough  are  seen  very  early  after 
exposure  to  concentrations  exceeding  2  mg/m*,  and  Stokinger  (4224)  stated  that  acute 
intoxication  resulted  from  concentrations  of  1. 2-8.5  mg/m*.  The  lowest  toxic  dose  for 
an  8-hour  exposure  in  human  males  was  reported  as  44.3  mg/m*  and  0.15  mg/m*  for  a 
46-day  exposure  in  human  females  (4200). 

Goldwater  (4211)  reviewed  several  case  study  of  intoxication  occurring  after  a 
single  exposure  to  mercury  vapors  in  the  home.  An  infant  who  inhaled  a  fatal  dose 
showed  symptoms  within  2  hours  and  died  of  acute  pulmonary  edema.  Autopsy 
findings  included  generalized  body  edema,  dilatation  of  the  right  ventricle,  necrosis  on 
the  gastric  mucosa  and  degenerative  changes  in  the  renal  tubules.  Three  children 
exposed  to  mercury  vapors  developed  pneumonitis  and  autopsy  Hndings  included 
showed  exudative  pulmonary  edema  and  necrotizing  bronchiolitis.  Coughing,  rales, 
chills,  fever,  and  constriction  of  the  chest  followed  by  pneumonitis  are  common 
features  of  acute  intoxication  due  to  mercury  vapor. 

Sexton  et  al.  (4356)  described  a  case  of  short-term  repeated  exposure  to 
mercury  vapor  with  different  effects  from  those  described  by  Goldwater  (4211).  Three 
teenage  girls  from  two  families  along  with  other  family  members  were  exposed  to 
mercury  vapors  after  100-300  mL  of  mercury  was  spilled  onto  the  carpets  of  their 
homes.  Approximately  2  weeks  after  the  mercury  was  spilled,  the  girls  suffered  from 
anorexia,  painful  mouth,  intermittent  abdominal  cramps,  mild  diarrhea,  bleeding  gingiva, 
red  and  painful  eyes,  insomnia,  vague  sense  of  restlessness,  and  generalized 
erythematous  and  pruritic  skin  rashes.  About  a  month  later  inattentiveness  in  school 
and  changes  in  handwriting  and  personalities  were  noted  by  the  girls’  teacher.  The  girls 
were  exposed  to  the  vapors  for  51-61  days. 

Inorganic  mercuric  compounds  do  not  vaporize  under  normal  conditions,  but 
they  could  be  suspended  as  dust  or  aerosols.  Therefore,  their  disposition  in  the 
respiratory  tract  would  depend  on  particle  size  and  solubility.  Some  organic  mercury 
compounds  can  vaporize  and  others  can  be  suspended  as  dust  or  aerosols  (4316).  No 
data  were  found  on  acute  inhalation  of  inorganic  mercuric  or  mercurous  compound. 

Acute  inhalation  exposure  to  alkylmercury  compounds  cause  effects  similar  to 
those  of  mercury  vapor.  The  Study  Group  on  Mercury  Hazards  (4328)  described  a 
case  reported  in  1865  in  which  two  investigators  accidentally  inhaled  the  very  volatile 
diethylmercury;  one  died  within  1 1  days,  and  the  other  suffered  very  serious  effects 
(blindness,  deafness,  and  dementia)  and  died  within  a  year  . 

733.2.13  Dermal  Exposure 

Elemental  mercury  is  probably  absorbed  through  the  skin  and  into  the  blood; 
systemic  effects  have  not  been  reported.  Dermal  contact  with  elemental  mercury  can 
cause  dermatitis  in  hypersensitive  persons.  Inorganic  and  organic  mercury  compounds 
are  probably  absorbed  from  the  skin  of  humans  (4304,  4316);  documentation  of 
systemic  toxic  effects  have  not  been  reported. 
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JS2t2Jl  Chronic  Toidoologic  Effects 
733^1.  ORAL 

Metallic  mercury  is  poorly  absorbed  from  the  gastrointestinal  tract,  and  is  of  low 
order  of  toxicity  by  this  route. 

Data  regarding  chronic  ingestion  of  inorganic  mercury  salts  are  very  few. 
According  to  Goyer  (4303)  chronic  low-dose  exposure  to  mercuric  salts  can  induce 
immunologic  glomerular  disease.  This  disease  is  also  associated  with  chronic  exposure 
to  mercury  vapor. 

Acrodynia  ("pink  disease")  is  a  disease  seen  in  infants  and  children  and  is 
associated  with  repeated  ingestion  or  contact  with  mercury  compounds.  This  disease  is 
rarely  seen,  but,  at  one  time,  it  was  relatively  common.  Mercury  exposure  resulted 
from  the  use  of  mercurial  teething  powders  and  lotions  and  the  use  of  calomel, 
mercurial  ointments,  diaper  rinses,  paints,  and  wallpaper.  The  name  "pink  disease" 
comes  from  the  pinkish  colored  rash  that  first  appears  on  the  fingertips,  toes  and  nose 
and  later  involve  the  hands  and  feet.  Progression  of  the  disease  is  manifested  by 
enlargement  of  the  sweat  glands,  profuse  perspiration,  which  causes  dehydration  and 
extreme  thirst,  anorexia,  desquamation  of  the  soles  and  palms,  edematous  fingers  and 
toes  due  to  hyperplasia  and  hyperkeratosis  of  the  skin,  constant  pruritus  and  severe 
pain  in  the  hands  and  feet,  and  gangrene  of  the  toes  and  fingers.  Photophobia, 
necrosis  of  the  jaw  bones,  inflamed  and  swollen  gums,  profuse  salivation  are  seen.  The 
children  suffer  from  mental  apathy  (appear  dejected  and  melancholic)  irritability, 
restlessness,  and  soft  flabby  musculature  (4329).  Bilderback  and  Anderson  (4329) 
stated  that  the  disease  may  be  due  to  a  hypersensitivity  to  mercury  compounds. 

For  the  most  part,  chronic  oral  exposure  to  mercury  occurs  when  members  of 
the  general  population  ingest  foodstuffs  contaminated  with  alkylmercury  compounds. 
Fish,  which  take  up  alkylmercury  compounds  from  water  or  grain  on  which 
alkylmercury  com(X)unds  have  been  sprayed  as  a  fumigant  have  resulted  in  outbreaks  of 
aHq^lmercury  poisoning  in  different  parts  of  the  world. 

Several  outbreaks  of  alkylmercury  poisoning  have  been  rc]X)rtcd  in  the 
literature.  These  have  occurred  in  Iraq  in  1956,  1^,  and  1971-72,  Guatemala  in  1%3, 
1964,  and  1%5,  Pakistan  in  1%9,  and  Minamata  and  Niigata,  Japan  from  1953-60,  to 
name  a  few  (4227,  4330,  4331).  The  most  serious  epidemics  occurred  in  Iraq  in  1971- 
72  and  in  Minamata  and  Niigata.  Over  6000  individuals  were  hospitalized  and  459 
individuals  died  during  the  epidemic  in  Iraq  (4330).  This  epidemic  was  attributed  to 
consumption  of  bread  prepared  with  grain  (wheat  and  barley)  treated  with  a 
methylmercurial  fungicide.  Methylmercury  was  detected  in  wheat  flour  at 
concentrations  of  4.8-14.6  pg/g  of  flour  (mean=9.1  pg/g);  the  ethylmercury  content  was 
very  low.  In  addition,  to  methylmercury,  some  wheat  may  have  been  treated  with 
ethylmercury-p-toluenesulfonanilidc,  N-dimethylmercury-p-toluencsulfonamide,  or 
phenylmercuric  compounds,  but  these  were  not  detected.  The  barley  was  treated  with 
a  variety  of  mercury  compounds,  including  phenylmercuric  acetate,  methylmercury 
dicyandiamide,  mcthylmcrcury-2,3-dihydroxypropyl  mcrcaptidc,  and  methylmercury 
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acetate.  Methylmercury  was  the  predominant  form  found  in  barley  and  in  the  blood, 
hair,  and  autopsy  samples  of  affected  individuals.  Phenylmercuric  was  detected  in  some 
barley  samples  (4330). 

The  epidemic  in  Minamata  and  Niigata  was  attributed  to  the  consumption  of 
fish  contaminated  with  methylmercury  and  other  mercury  compounds  as  a  result  of 
industrial  releases  of  these  compounds  into  Minamata  Bay  and  the  Agano  River  (4227). 
By  1960  121  cases  and  46  deaths  were  reported  for  Minamata,  and  47  cases  and  6 
deaths  in  Niigata  by  1970  (4330).  By  1971  269  cases  and  55  deaths  were  reported  for 
Mimamata,  and  by  1974  a  total  of  700  cases  were  reported  for  Minamata  and  500  for 
Niigata  (4227).  The  mercury  content  was  1 1  and  10  mg/kg  fresh  weight  of  fish  from 
Minamata  Bay  and  the  Agano  River,  respectively  (4303). 

The  clinical  symptoms  of  methylmercury  poisoning  as  seen  in  the  Iraqi  epidemic 
were  paresthesia  (loss  of  sensation  in  the  extremities  and  around  the  mouth,  ataxia 
(ranging  from  slight  unsteadiness  to  gross  incoordination  in  gait),  visual  effects  (ranging 
from  blurred  vision  to  constriction  of  the  visual  field  and  blindness  in  severe  cases), 
dysarthria  (slurred  speech),  and  deafness;  these  symptoms  occurred  in  this  order.  The 
most  severe  cases  resulted  in  coma  and  death  due  to  failure  of  the  CNS.  Only 
occasionally  were  effects  seen  on  the  gastrointestinal  tract,  urinary  system,  and 
cardiovascular  system.  Shahristani  et  al.  (4353)  rated  the  signs  and  symptoms  as  mild, 
moderate,  and  severe.  Mild  symptoms  consisted  of  paresthesia,  slight  tremor  and  mild 
ataxia,  and  moderate  symptoms  consisted  of  partial  hearing  loss,  tunnel  vision,  and 
partial  paralysis.  Severe  symptoms  consist  of  some  combination  of  the  following: 
complete  paralysis,  loss  of  vision,  loss  of  hearing,  loss  of  speech,  and  coma. 

A  study  of  a  subset  of  93  cases  in  the  Iraqi  study  showed  that  the  frequency  and 
severity  of  symptoms  showed  a  dose-response  relationship  with  blood  mercury  levels 
ranging  from  <  10  jig/dL  up  to  400-500  jig/dL.  The  milder  symptoms  occurred  at  the 
low  blood  levels,  the  deaths  occurred  at  levels  >300  t^g/dL.  The  correlation 
coefficients  between  ingested  mercury  and  blood  mercury  levels  were  0.89  for  children 
10-15  years  old  and  0.85  for  adults  >16  years  old;  1  mg  of  ingested  mercury  correlated 
with  1.7  |ig/dL  for  the  children  and  0.9  (xg/dL  for  the  adults  (4330). 

The  onset  of  symptoms  methylmercury  poisoning  may  be  delayed  for  weeks  or 
even  months  and  is  probably  related  to  total  bt^y  accumulation  of  mercury.  The 
threshold  body  burden  (amount  of  methylmercury  in  the  body  at  the  onset  of  a 
symptom)  for  mild  paresthesia  was  estimated  to  be  25-40  mg  of  mercury  corresponding 
to  0.5-0.8  mg/kg  for  a  50-kg  person  (standard  weight  used  for  the  Iraqi  population) 
(4330);  the  corresponding  blood  mercury  levels  are  24-48  jig/dL  after  correcting  for  a 
half-time  clearance  of  65  days  (4227).  Mufti  et  al.  (4332)  estimated  a  threshold  body 
burden  for  paresthesia  of  0.7  mg/kg,  based  on  ingested  dose  and  body  weight,  for  a 
subpopulation  of  1163  persons.  Shahristani  et  al.  (4353)  calculated  a  threshold  body 
burden  of  0.8  mg/kg  ba^  on  the  average  concentration  of  mercury  in  hair  (120  mg/kg 
of  hair)  and  the  daily  intake  of  methylmercury.  The  threshold  calculated  by  the 
Swedish  Expert  Group  (4355)  was  20-40  |tg/dL  of  blood  for  individuals  affected  during 
the  Niigata  epidemic.  Bakir  et  al.  (4.3.30)  reported  a  threshold  body  burden  for  the 
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onset  of  other  symptoms  as  55  mg  of  mercury  for  ataxia,  90  mg  for  dysarthria,  170  for 
deafness,  and  200  mg  for  death. 

WHO  (4227)  established  three  categories  of  exposure  based  on  intensity  and 
duration.  The  first  category  are  those  whose  daily  consumption  of  mercury  is  high  for 
short  periods  (eg.  200  pg/kg  for  1-2  months  for  the  1971  Iraq  epidemic),  the  second  are 
those  who  consume  5-100  pg/kg  (median =30  pg/kg)  (Minamata  and  Niigata 
epidemics),  and  third  are  those  who  consume  levels  up  to  5  pg/kg  for  years. 

Populations  in  third  category  do  not  show  signs  and  symptoms  of  methylmercury 
poisoning  as  a  result  of  their  chronic  exposure.  Gerstner  and  Huff  (4316)  concluded 
that  severity  and  clinical  course  of  methylmercury  poisoning  depend  on  daily  intake  and 
duration,  age,  and  individual  sensitivity. 

The  effects  of  exposure  of  pregnant  women  to  alkyl  mercury  compounds  were 
very  striking  in  the  Iraqi  epidemic.  Thirty-one  pregnant  women  suffering  from 
methylmercury  poisoning  were  admitted  to  hospitals;  45%  of  these  died,  compared  with 
7%  fatalities  for  the  general  population. 

Infants  were  affected  by  exposure  to  alkyl  mercury  compounds  in  utero  or  via 
mother’s  milk  during  nursing.  The  concentration  of  methylmercury  in  milk  of  mothers 
exposed  during  the  Iraqi  epidemic  was  3-6%  of  that  in  maternal  blood,  and  the 
concentration  in  the  blood  of  nursing  infants  was  equal  to  or  lower  than  that  of 
maternal  blood.  Eight  nursing  Iraqi  infants  had  blocxi  mercury  concentrations  of  50 
pg/dL  and  three  had  blood  concentrations  of  100  pg/dL;  none  of  these  showed  signs  of 
methylmercury  poisoning  (4330).  Infants  born  during  or  after  the  epidemic  were 
exposed  in  utero.  The  blc^  concentration  in  three  infants  ranged  up  to  >250  pg/dL, 
and  all  three  suffered  severe  brain  damage. 

Amin-Zaki  et  al.  (4333)  studied  a  group  of  15  mother  and  infant  pairs  in  which 
the  infants  received  in  utero  exposure  during  the  Iraqi  epidemic  and  showed  that 
methylmercury  caused  severe  developmental  toxic  effects  in  humans.  The  infants  were 
born  during  or  not  long  after  maternal  consumption  of  bread  contaminated  with 
methylmercury.  A  total  of  six  mothers  showed  clinical  manifestations  of  methylmercury 
poisoning,  and  the  most  frequent  maternal  symptoms  were  headache  and  malaise,  joint 
and  muscle  pain,  paraesthesia,  motor  weakness,  visual  changes,  and  ataxia.  Speech  and 
hearing  loss  were  not  frequently  seen.  Five  of  the  infants  were  severely  affected, 
showing  signs  of  gross  impairment  of  motor  and  mental  development;  four  of  these  also 
had  cerebral  palsy  (severe  generalized  paralysis),  severe  hearing  loss,  and  blindness;  and 
three  infants  were  microcephalic.  These  effects  were  seen  by  two  months  of  age  in 
four  infants.  No  malformations  were  reported  (microcephaly  was  not  considered  a 
malformation);  therefore,  methylmercury  is  not  teratogenic.  The  three  most  severely 
affected  infants  had  blood  mercuiy  levels  of  3190  ppb  (319  pg  Hg/dL)  to  4220  ppb 
(422  pg  Hg/dL).  The  other  two  affected  infant  had  blood  levels  of  5(A  and  1053  ppb. 
One  infant  with  a  blood  level  of  636  ppb  was  not  affected;  the  remaining  infants  had 
blood  mercury  levels  <564  and  show^  no  signs  of  mercury  poisoning.  The  infants  of 
mothers  with  the  three  highest  blood  mercury  levels  also  had  the  highest  blood  levels. 

In  14  pairs,  the  blood  levels  in  infants  were  considerably  higher  than  the  maternal  level. 
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In  the  Minamata  Bay  area,  220  infants  were  born  between  1955  and  1958;  they 
followed  up  for  15  years  (4334).  Thirteen  showed  evidence  of  severe  poisoning.  In 
contrast  to  the  Iraqi  infants,  the  Japanese  infants  (Minamata)  appeared  normal  at  birth 
and  did  not  show  signs  of  methylmercury  poisoning  until  they  were  about  6  months  of 
age  (4334).  The  effects  of  prenatal  exposure  to  methylmercury  in  the  Japanese  infants 
included  instability  of  the  neck,  convulsions,  failure  of  the  eyes  to  follow  and  clinical 
manifestations  of  severe  neurological  and  mental  impairment.  Signs  of  neurological 
and  mental  impairment  in  the  13  infants  were  intelligence  disturbance,  cerebellar 
symptoms,  disturbance  of  body  growth  and  nutrition,  dysarthria,  and  deformed  limbs 
(100%);  hyperkinesia  (95%),  hypersalivation  (95%),  paroxysmal  symptom  (82%), 
strabismus  (77%),  and  pyramidal  symptom  (75%). 

The  pathological  effect  of  methylmercury  on  the  developing  brain  is  seen  as 
derangement  of  the  cytoarchitecture  of  most  areas  accomplished  by  abnormal  migration 
of  neurons  to  the  cerebellar  and  cerebral  cortices  and  by  abnormal  cell  division  (4322, 
4226).  Gerstner  and  Huff  (4316)  described  the  pathological  effects  as  destruction  of 
nerve  cells  in  the  granular  layer  of  the  cerebellum  and  the  calcarine  area  of  the 
cerebral  cortex,  with  mild  lesion  occurring  in  the  basal  ganglia,hypothalamus,  midbrain, 
and  spinal  cord.  In  more  severe  cases,  the  neuronal  destruction  occurs  over  larger 
regions  of  the  brain,  finally  involving  the  entire  cortex. 

73JJL2.1.  INHALATION 

The  critical  targets  for  exposure  to  elemental  mercury  vapor  is  the  CNS.  Two 
epidemiology  studies  have  been  conducted  on  exposure  to  elemental  mercury.  Cragle 
et  al.  (4335)  conducted  a  study  on  2133  white  male  workers  exposed  to  mercury  vapors 
from  1953-1%3  at  the  Y-12  plant  in  Oak  Ridge,  Tennessee  and  followed  up  until  1978. 
The  Y-12  plant  was  built  in  1943  as  part  of  the  Manhattan  Project  and  used  in  the 
lithium  isotope  separation  process,  which  required  elemental  mercury,  from  1953-1963. 
A  nonexposed  group  consisted  of  3260  white  male  workers,  and  another  group  of  270 
workers  whose  exposure  was  unknown  was  also  included.  Among  the  three  cohorts, 

378  exposed  workers  died,  710  unexposed  and  52  unknown  exposed  workers  died. 
Standard  mortality  ratios  (SMR)  were  calculated  using  the  U.S.  white  male  population 
as  referents.  Excess  deaths  due  to  nonneoplastic  diseases  to  target  organs  (liver,  lung, 
kidney  and  CNS)  were  not  found  in  any  group.  In  the  nonexposed  group,  the  mortality 
rates  were  elevated  for  all  malignant  neoplasms  (SMR=1.10;  not  significant),  lung 
cancer  (SMR  =  1.34;  p<0.05),  and  cancer  of  the  brain  and  other  CNS  tissues 
(SMR =2.30;  p<0.05).  In  the  mercury  exposed  group,  mortality  rates  were  not 
significantly  elevated  (all  malignant  neoplasms,  SMR=0.94;  lung  cancer,  SMR =1.34; 
brain  cancers,  SMR=1.22). 

Barregard  et  al.  (4336)  studied  a  cohort  of  1190  Swedish  chloroalkali  workers 
for  whom  urinary  or  blood  mercury  levels  were  monitored  for  at  least  one  year  until 
1984.  The  reference  group  consisted  of  the  general  Swedish  male  population.  Mean 
urinary  mercury  excretion  was  0.2  mg/L  during  the  1950s,  0.15  mg/L  during  the  1960s 
and  the  current  urinary  value  is  <0.05  mg/L  The  number  of  deaths  due  to  lung  cancer 
was  elevated  (Obs/Exp=2.0;  p<0.05)  in  the  exposed  group,  but  no  dose-response 
relationship  was  noted  when  the  incidence  was  related  to  accumulated  mercury 
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exposure.  The  workers  were  exposed  to  asbestos  and  this  may  have  contributed  to  the 
excess  deaths  due  to  lung  cancer.  The  number  of  deaths  due  to  ischemic  heart  disease 
(Obs/Exp=1.3;  p<0.05)  and  cerebrovascular  diseases  (Obs/Exp=1.3;  not  significant) 
were  increased,  but  the  increase  was  not  dose  related.  No  excess  deaths  due  to 
malignant  or  nonmalignant  diseases  of  the  brain  or  kidney  were  observed. 

The  CNS  is  the  primary  target  for  prolonged  exposure  to  mercury  vapors.  The 
kidney  is  affected  at  exposure  concentrations  higher  than  those  causing  CNS  effects. 
Signs  and  symptoms  of  prolonged  exposure  to  mercury  vapor  are  unspecific  asthenic- 
vegetative  syndrome  characterized  by  weakness,  fatigue,  anorexia,  loss  of  weight,  and 
gastrointestinal  disturbances.  At  higher  concentrations,  tremors  begin  in  the  fingers, 
eyelids,  and  lips  and  progress  to  fine  trembling  of  the  muscles  interrupted  by  coarse 
body  trembling  every  few  minutes.  In  more  severe  cases,  generalized  tremors  involving 
the  whole  body  and  chronic  spasms  of  the  extremities  may  develop  along  with  mercurial 
erethism.  Erethism  is  characterized  by  psychic  disturbances  such  as,  severe  behavioral 
and  personality  changes,  shyness,  increased  excitability,  irritability,  loss  of  memory, 
insomnia,  and  depression.  Delirium  and  hallucination  may  occur  in  extreme  cases 
(4304).  Cognitive  deficits,  immunological  effects,  mild  proteinuria,  and  nonspecific 
effects  (such  as  insomnia)  also  occur  at  lower  exposures  (4226). 

Numerous  morbidity  studies  have  been  conducted  on  mercury  exposure  of 
workers  in  various  industries.  Abnormalities  in  electroencephalogram  (EEG)  were 
detected  in  10/41  of  chloroalkali  workers  exposed  to  25  pg/m*  of  mercury  vapor  for  a 
mean  duration  of  15.7  years  (4.137).  The  abnormal  findings  were  significant  for  the 
occipital  region  of  the  brain.  Albers  er  al.  (4338)  evaluated  neurological  functions  in 
138  workers  who  had  urinary  mercury  concentrations  ranging  from  0-0.5  mg/!,  over  3- 
36  months  (avg.=0.09  mg/L).  Eighteen  workers  showed  evidence  of  mild  sensorimotor 
polyneuropathy,  eight  of  these  had  abnormal  electromyograms,  and  5/8  showed  3  or 
more  abnormalities  in  nerve  conduction.  The  authors  reported  that  polyneuropathy 
was  most  likely  to  occur  in  workers  with  the  higher  urinary  mercury  values  (>0.25 
mg/L)  for  24  months.  Similar  dat-’  were  presented  by  Levine  et  al.  (4339). 

Schuckman  (4340)  compared  preclinical  psychomotor  functions  (tremor 
measurements,  bimanual  coordination,  color  determination,  and  reaction  time)  in  39 
male  chloroalkali  workers  (at  two  plants)  exposed  to  mercury  vapor  for  7  or  more  years 
with  a  matched  unexposed  control  group  and  found  no  differences  between  the  two 
groups.  The  ambient  air  concentration  of  mercury  was  75.1  pg/m^;  two-thirds  of  the 
measurements  ranged  from  30-90  pg/m^  and  seven  peaks  ranged  from  300-500  pg/m^. 
The  OSHA  standard  in  1979  was  0.1  mg/m’  for  inorganic  mercury.  The  averages  from 
personal  samplers  were  48.2  pg/m’  at  one  plant  and  35.1  pg/m’  at  the  other. 

Verberk  et  al.  (4341)  reported  that  workers  making  fluorescent  lamp  and 
having  urinary  mercury  values  ranging  from  9-52  pmol/mol  creatine  showed  an  increase 
in  tremors  in  the  fingers  measured  by  two  methods.  Solco  et  al.  (4342)  evaluated  three 
groups  of  workers  in  a  fluorescent  lamp  factory  for  preclinical  signs  of  CNS 
impairment.  The  tests  consisted  of  the  WHO  test  battery  (Santa  Ana  dexterity  test, 
simple  reaction  time,  Benton  visual  rca^gnition  test,  and  the  Wechsler  digit  span  and 
digit  symbol  tests),  the  Gordon  personal  profile,  and  the  clinical  depression  test. 


MERCURY 


73-65 


Group  1  consisted  of  8  workers  chronically  exposed  for  10.3  years  (mean)  and  had 
mean  urinary  mercury  levels  ranging  from  9.5-43.2  pg/L  over  a  9-year  period;  Group  2 
consisted  of  20  workers  occasionally  exposed  to  mercury  for  12.4  years  (mean)  and 
had  urinary  levels  ranging  from  11.2-20.7  pg/L  over  a  9-year  period;  Group  3  (controls) 
were  employed  in  the  same  factory,  had  no  known  exposure  to  mercury,  and  had 
urinary  mercury  levels  ranging  from  5.6-10.5  pg/L  over  a  9-year  period.  Short-term 
memory  was  severely  impaired  in  Group  1  and  less  severely  impaired  in  Group  2. 
Group  1  workers  were  also  more  depressed  and  had  severe  personality  changes.  Smith 
et  al.  (4349)  found  no  effects  on  short-term  memory  measured  by  the  Wechler  digit 
span  forward  test  among  chloroalkali  workers.  The  50%  threshold  for  serial  digit 
recall,  however,  was  significantly  decreased  in  workers  whose  12-  and  24- month  average 
urinary  mercury  value  was  0.2  mg/L 

Shapiro  et  al.  (4343)  reported  that  dentist  with  head  ar>d  wrist  mercury  levels 
>20  pg/g  of  tissue  (measured  by  X-ray  fluorescence),  showed  evidence  of  preclinical 
polyneuropathy  and  mild  visiographic  impairment.  De  Rosis  et  al.  (4344)  reported  that 
female  workers  exposed  to  mercury  vapors  in  a  lamp  factory  did  not  experience  an 
increase  in  reproductive  abnormalities.  Endpoints  examined  were  menstrual  cycle 
disorders,  fecundity,  and  adverse  pregnancy  outcomes. 

Rosenman  et  al.  (4345)  studied  a  group  of  workers  involved  in  the  manufacture 
of  mercury  compounds,  mercuric  oxides,  mercurial  chlorides,  and  phenylmercuric 
acetate.  Of  the  42  workers  evaluated,  32  had  worked  i2  years.  The  workers  were 
subjected  to  a  number  of  tests  to  assess  the  effect  of  exposure  to  mercury  compounds 
on  neuropsychological  performance,  renal  function,  and  visual  acuity.  No  tremor  or 
peripheral  neuropathy  was  found  in  these  workers.  The  number  of  neuropsychological 
symptoms  reported  by  the  workers,  urinary  N-acetyl-B-D-glucosaminidase  (NAG) 
activity,  and  slowing  of  motor  nerve  conduction  velocity  were  positively  associated  with 
increased  urinary  mercury  levels.  The  neuropsychological  symptoms  were  nonspecific 
and  consisted  of  headaches,  insomnia,  fatigue,  and  nervousness.  Lenticular  opacities 
were  found  in  all  the  mercury  workers,  and  abnormal  saccadic  eye  movements  were 
also  seen,  but  these  could  not  be  correlated  with  mercury  levels. 

A  group  of  workers  exposed  to  mercuric  oxide,  mercuric  acetate,  and  probably 
mercury  vapor  for  4  months  to  2  years  had  urinary  mercury  levels  ranging  from  1-1.5 
mg/L  and  showed  evidence  of  renal  damage  (4352).  Urinary  protein  levels  were  high, 
hyaline  casts  were  seen  in  urinary  sediments,  and  renal  biopsy  showed  lipid 
accumulation  and  vacuolization  in  the  proximal  tubular  epithelium. 

Mercuric  nitrate  is  used  in  the  making  of  felt  hats.  Inhaling  the  dust  or  vapors 
released  from  the  fur  results  in  mercury  toxicity  (4287,  4239,  4226).  Symptoms  of 
emotional  and  psychological  disturbances  were  manifested  by  the  "Mad  Hatter"  in  Alice 
in  Wonderland  by  Lewis  Carrol  (4226). 

Occupational  exposure  to  alkylmcrcury  compounds  can  occur  as  a  result  of 
producing  the  alkylmercury  fungicides,  applying  the  compounds  to  seeds  and  grains, 
working  in  pulp  and  saw  mills  (4227).  The  workers  either  inhale  the  dust  or  vapor  or 
absorb  liquid  preparations  through  the  skin.  Effects  are  piimarily  on  the  CNS.  Signs 
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and  symptoms  include  paresthesia  of  the  extremities,  mouth  and  lips,  constriction  of  the 
visual  field  sometimes  leading  to  blindness,  deafness,  unsteady  gait,  loss  of  coordination, 
and  reflex  changes.  In  more  severe  cases,  the  loss  of  the  ability  to  speak  and  mental 
deterioration  is  seen  (4346).  Pathologic  findings  in  a  patient  who  died  were  cerebellar 
cortical  atrophy,  involving  the  granular-cell  layer  of  the  neocerebellum  and  cortical 
atrophy  of  the  calcarine  fissure-visual  cortical  area  of  the  occipital  lobe  (4347). 

Goldwater  (4325)  reported  that  the  numerous  observations  conducted  on 
workers  who  have  been  exposed  for  many  years  to  phenylmercuric  compounds  at 
concentrations  exceeding  0.1  mg/m^  and  excrete  milligrams  of  mercury  in  their  urine 
each  day  showed  no  adverse  effects. 

No  data  were  found  on  the  effects  of  inhalation  exposure  to  other  organic 
mercurials,  including  methylmercury. 

733 J.  Levels  of  Coocem 

The  ambient  water  quality  criteria  for  mercury  are  144  ng/L  for  ingestion  of 
water  and  contaminated  aquatic  organisms  and  146  ng/L  for  ingestion  of  contaminated 
aquatic  organisms  only  (4217).  Two  RfDs  have  been  verified,  3E-04  mg/kg/day  (as  Hg) 
for  methyl  mercury  and  8E-05  mg/kg/day  for  phenylmercury  (4218,  4219).  Inorganic 
mercury  (CAS  No.  7439-97-6)  is  placed  in  Group  D  ("not  classifiable  as  to  human 
carcinogenicity")  (4212).  The  lifetime  health  advisory  for  mercury  is  0.002  mg/L,  which 
is  the  same  as  the  MCLG  and  MCL  (4214,  4215). 

The  OSHA  standards  are  0.05  mg/m’  for  mercury  vapor  and  0.1  mg/m’  for 
organo  and  alkyl  mercury  compounds  for  an  8-hr  work  shift  and  0.01  mg/m’  for  aryl 
and  inorganic  mercury  for  a  ceiling.  The  15-min  STEL  for  organo  and  alkyl  mercury 
compounds  is  0.03  mg/m’. 

The  NIOSH  (4209)  recommendations  are  0.05  mg/m’  for  elemental  mercury 
and  inorganic  compounds  and  0.01  mg/m’  for  organo  and  alkyl  mercury  compounds  for 
a  10-hr  TWA.  The  15-min  STELs  are  0.1  mg/m’  for  elemental  mercury  and  inorganic 
compounds  and  0.01  mg/m’  for  organo  and  alkyl  mercury  compounds. 

733.4.  Hazard  Assessment 

The  toxicity  of  mercury  and  mercury  compounds  can  be  placed  into  five 
categories  based  on  their  toxicity,  which  include  elemental  mercury  (mercury  vapor), 
inorganic  mercuric  salts,  inorganic  mercurous  salts,  short-chain  alkyl  mercury 
compounds,  and  organomercurials  with  more  than  two  carbon  atoms  (eg. 
phenylmercury)  (4281). 

Elemental  mercury  vaporized  in  air  and  the  vapor  is  toxic  via  the  inhalation 
route.  The  vapor  is  efficiently  absorbed  from  the  respiratory  tract  into  the  blood  and 
distributed  to  the  cerebral  cortex  of  the  brain,  especially  the  occipital  and  parietal 
cortical  areas.  The  respiratory  tract,  however,  is  the  primary  target  for  acute  exposure 
to  very  high  concentrations  of  mercury  vapor,  but  CNS  effects  have  also  been  reported. 
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The  CNS  is  the  primary  target  for  prolonged  or  chronic  exposure  to  mercury  vapor. 
Ingested  elemental  mercury  is  very  poorly  absorbed  from  the  gastrointestinal  tract,  and 
consequently  has  a  very  low  toxicity  by  the  oral  route. 

Inorganic  mercuric  salts  are  toxic  primarily  via  the  oral  route.  They  are 
absorbed  at  a  rate  of  2-20%  from  the  gastrointestinal  tract,  distributed  to  the  various 
organs,  but  primarily  taken  up  by  the  proximal  convoluted  tubules  in  the  kidney.  The 
kidney  is  the  primary  target  for  inorganic  mercuric  salts.  Acrodynia  ("pink  disease)  is  a 
disease  seen  in  children  exposed  to  mercurials  in  teething  remedies,  diaper  rinses,  and 
ointments.  The  inhalation  route  is  usually  not  a  major  concern  for  inorganic  mercuric 
salts,  unless  they  are  suspended  as  dust  or  aerosols.  Exposure  of  this  type  would  more 
likely  occur  in  an  occupational  environment  where  these  compounds  are  produced  or 
used.  Occupation  exposure  to  mercuric  oxide,  mercuric  acetate,  and  probably  mercuiy 
vapor  has  b^n  associated  with  lipid  accumulation  and  vacuolization  in  the  proximal 
tubular  epithelium  (4352).  Mercuric  nitrate  is  used  in  the  felt  hat  industry,  and 
inhaling  the  dust  and  vapor  released  from  the  fur  causes  mercury  toxicity. 

Short-chain  alkyl  mercury  compounds  (ethyl-  and  methylmercury  compounds) 
are  efficiently  absorbed  from  the  gastrointestinal  tract.  These  compounds  accumulate 
in  the  brain,  where  they  may  remain  for  years  due  to  a  very  long  half-life.  The  brain  is 
the  primary  target  for  short-chain  alkyl  mercury  compounds.  Placental  transfer  of 
short-chain  alkyl  mercury  compounds  results  in  exposed  to  the  fetus  and  uptake  of  the 
compounds  in  the  milk  results  in  exposure  to  nursing  infants.  Severe  CNS  effects  arc 
seen  in  both  adults  and  infants  (whether  exposed  in  uicro  or  via  nursing):  ethyl-  and 
methylmercury  compounds  cause  developmental  toxicity,  but  are  not  teratogenic. 
Symptoms  may  be  delayed  for  weeks  or  months  after  ingestion,  and  it  is  believed  that 
effects  are  delayed  until  a  toxic  dose  has  accumulated  in  the  body. 

The  epidemiology  studies  in  humans  and  the  long-term  studies  in  animals  do 
not  show  evidence  of  carcinogenicity.  No  data  regarding  mutagenicity  are  available, 
and  data  regarding  clastogcnicity  arc  inadequate. 


73.4  SAMPLING  AND  ANALYSIS  CONSIDERATIONS 

Determination  of  mercury  concentrations  in  soil  and  water  requires  the 
collection  of  a  representative  field  sample  and  the  maintenance  of  proper  storage 
conditions  prior  to  laboratory  analysis.  Samples  for  metal  determinations  should  be 
collected  in  either  glass,  polypropylene  or  teflon  containers.  The  sample  containers 
should  have  been  previously  cleaned  with  the  following  sequence  of  reagents  to 
minimize  bottle  contamination;  detergent,  tap  water,  1:1  nitric  acid,  tap  water,  1:1 
hydrochloric  acid,  tap  water,  and  Type  II  water.  Approximately  600  mL  of  aqueous 
sample  should  be  collected  to  ensure  a  final  sample  digestion  volume  of  100  mL.  To 
reduce  the  probability  of  metal  hydrolysis,  metal  adsorption  onto  or  leaching  from  the 
sample  container,  or  chemical  transformation  through  bacterial  metabolism,  the 
aqueous  sample  must  be  preserved  with  the  addition  of  nitric  acid  such  that  the  final 
pH  is  less  than  pH  2.  At  least  200  grams  of  solid  sample  should  be  collected  to 
prepare  a  sample  digestion  volume  of  1(K)  mL.  Usually  no  preservative  procedure  is 
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required  for  solid  samples  other  than  storage  at  4®C  until  sample  analysis.  All  samples 
should  be  analyzed  within  28  days  of  sample  collection.  In  addition  to  the  targeted 
samples,  duplicates  and  spiked  matrices  should  be  included  in  the  analytical  program  to 
ascertain  the  reproducibility  and  accuracy  of  the  analytical  determination  (4358). 

The  analytical  method  available  for  analyzing  inorganic  mercury  in  water,  soils 
and  waste  is  the  cold-vapor  atomic  absorption  (Methods  245.1  and  245.2)  technique. 

In  this  procedure,  mercury  is  reduced  to  its  elemental  form  and  aerated  into  a  closed 
system.  The  mercury  vapor  passes  into  an  optical  cell  located  in  the  light  path  of  an 
atomic  absorption  spectrometer.  TTic  absorption  of  radiation  at  253.7  nm  is 
proportional  to  mercury  concentration.  If  this  procedure  is  to  be  used  for  the  purpose 
of  measuring  total  mercury  (inorganic  plus  organic),  all  organically  bound  mercury  must 
be  first  converted  to  the  inorganic  form  prior  to  the  analytical  determination. 

Potassium  permanganate,  in  the  presence  of  nitric  and  sulfuric  acids,  is  used  to  oxidize 
the  organo-mercury  compounds.  The  technique  has  a  detection  limit  of  0.2  pg/L 
mercury  and  a  detection  range  of  2-20  pg/L.  The  reproducibility  of  the  manual  cold- 
vapor  technique  (Method  245.1)  for  measuring  total  mercury  has  been  documented  in  a 
joint  EPA/ASTM  interlaboratory  study.  The  standard  deviation  in  results  among  the 
laboratories  ranged  from  40-79%.  Results  from  samples  containing  less  than  3.4  pg 
Hg/L  showed  a  positive  bias;  results  for  samples  containing  greater  quantities  of 
mercury  exhibited  a  negative  bias  from  the  true  value.  In  a  single  EPA  study  of  the 
automated  procedure  (Method  245.2),  sample  results  were  reproducible  to  within  4-8% 
for  water  samples  spiked  with  0.5  to  20  pg  Hg/L.  The  recovery  of  organic  mercurials 
spiked  at  the  10  pg/L  level  into  surface  water  samples  ranged  from  87  to  117%  (4357, 
4358). 


Detection  Limit  Method 

2  pg/L  (aqueous  &  nonaqueous)  245.1 

2  pg/L  (aqueous  &  nonaqueous)  245.2 
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COMMON  SYNONYMS: 

Zinc  (dust,  powder) 
ASARCO  L  15 
Blue  Powder 
Emanay  Zinc  Dust 
Granular  Zinc 
Jasad 
Merrillite 


CAS.REG.no.:  7440-66-6 

NIOSHNO.:  ZG8600000 

EPA  HAZARDOUS  WASTE  NO.:  ND 


CHEMICAL  SYMBOL  Zn 


REACTIVITY  (5604) 


Zn  +  Hydrogen  -  no  reaction 

Zn  +  Oxycen,  Ozone  (dry,  25®  C)  -  rapid  formation  of  thin  oxide  film 
Zn  +  Air  (moist,  25®  Q  -  basic  carbonate 

Zn  -I-  Air  (heated)  -  ZnO,  metal  burns  with  bright  blue-green  flame 
Zn  +  Water  (gas)  -  no  or  very  slow  reaction  below  400®  C 
Zn  +  Water  (fiquid)  -  slow  formation  of  ZnO,  Beta-Zn  hydroxide  coating 
Zn  +  Sulfur  aioxide  (moist  air,  25®  C)  -  Zinc  sulfate,  oxide,  carbonate,  etc. 
Zn  +  Dilute  mineral  acids,  organic  acids  -*  hydrogen,  Zn^'*’ 

Zn  +  Aq.  NaOH  -  hydrogen,  soluble  hydroxo  anionic  species 

Zn  +  Metal  oxides  (heated)  -  ZnO  +  metal  (e.g.  Cd,  Ni,  Fe,  Cu,  Pb) 

Zn  +  Metal  halides  (heated)  -*  Zn  halide  +  metal  (e.g.,  Cd,  Hg,  Sn,  Pb) 


PHYSICO-CHEMICAL  DATA 


Atomic  Weight:  65.38 
Atomic  Number:  30 
Physical  State:  Solid  (at  20®  C) 

Color:  Lustrous,  blue-white 
Odor:  NA 
Odor  Threshold:  NA 
Density:  7.133  g/cm^  (at  25®  C) 

Melting  Point:  419.5®  C 
Boiling  Point:  907®  C 
Flash  Point:  ND 

Flammable  Limits:  Powdered  form  can  burn  when  damp 
Autoignition  Temperature:  ND 
Vapor  Pressure:  1  mm  Hg  (at  487®  C) 

Saturated  Concentration  in  Air:  NA 
Solubility  in  Water:  Insoluble 
Viscosity:  NA 
Surface  Tension:  NA 


(5603) 

(5645) 

(5645) 
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PHYSICO-CHEMICAL  DATA  (ConL) 


•  Log  (Octanol- Water  Partition  Coeff.):  ND 


•  Log  k  (Stability  Constant  for  Humic  Acid):  ND 

•  Soil- Water  Distribution  Coeff.:  Range  0.1-8000  mL/g  f56121 

Average  40  mL/g  (5612) 

Sandy  loam,  939  mL/g  (5612) 

Sandy  soil,  12.2  mL/g  (5646) 

•  Henry’s  Law  Constant:  NA 

•  Bioconcentration  Factor:  400-1400  (5600) 


HANDLING  PRECAUTIONS 


Zinc  powder  may  form  an  explosive  mixture  when  mixed  with  air.  The  pyro¬ 
phoric  form  should  be  handled  without  exposure  to  air.  It  should  be  stored 
separately  from  acids,  alkalis,  and  halogenated  hydrocarbons  and  protected  from 
moisture.  Self-contained  breathing  apparatus  should  be  used  for  nandling  zinc 
powder  (5603). 

Safety  glasses,  dust  masks,  and  rubber  gloves  should  be  used  for  handling  zinc 
chloride  and  zinc  sulfate  (5642,  5643). 
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COMMON  SYNONYMS: 

Zinc  acetate 
Acetic  acid,  zinc  salt 
Dicarbomethoxyzinc 
Zinc  diacetate 


CAS.REG.no.:  557-34-6 

NIOSHNO.:  AK1500000 

EPA  HAZARDOUS  WASTE  NO.:  ND 


CHEMICAL  FORMULA  C4H804.Zn 


PHYSICO-CHEMICAL  DATA  (5676) 


Molecular  Weight:  183.46 
Physical  State:  Solid 
Color:  White 
Odor:  Faint  vinegar 
Odor  Threshold:  ND 
Density:  1.735  g/cm^ 

Melting  Point:  237*  C 
Boiling  Point:  ND 
Flash  Point:  ND 

Flammable  Limits:  Not  flammable 

Autoignition  Temperature:  ND 

Vapor  Pressure:  ND 

Saturated  Concentration  in  Ar:  ND 

Solubility  in  Water:  434  g/L 

Viscosity:  NA 

Surface  Tension:  NA 

Log  (Octanol- Water  Partition  Coeff.):  ND 

Log  K  (Stability  Constant  for  Humic  Acid):  ND 

Soil- Water  Distribution  Coeff.:  ND 

Henry’s  Law  Constant:  NA 

Bioconcentration  Factor:  ND 
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COMMON  SYNONYMS: 

Zinc  bromide 

Zinc  dibromide 

CAS.REG.no.:  7699-45-8 

NIOSHNO.:  ZHl  150000 

EPA  HA2:ARD0US  WASTE  NO.:  ND 

CHEMICAL  FORMULA:  ZnBr2 

REACTIVITY  (5676) 


Mixtures  of  sodium  or  potassium  and  zinc  bromide  produce  strong  explosion  on 
impact. 


PHYSICO-CHEMICAL  DATA  (5676) 


Molecular  Weight:  225.21 
Physical  State:  Solid 
Color:  Colorless 
Odor:  Odorless 
Odor  Threshold:  NA 
Density:  4.201  g/cm^  (at  25°  C) 

Melting  Point:  394°  C 
Boiling  Point:  650°  C 
Flash  Point:  ND 

Flammable  Limits:  Non-combustible 

Autoignition  Temperature:  NA 

Vapor  Pressure:  ND 

Saturated  Concentration  in  Air:  ND 

Solubility  in  Water:  4000  g/L 

Viscosity:  NA 

Surface  Tension:  NA 

Log  (Octanol-Water  Partition  Coeff.):  ND 

Log  K  (Stability  Constant  for  Humic  Acid):  ND 

Soil-Water  Distribution  Coeff.:  ND 

Henry’s  Law  Constant:  NA 

Bioconcentration  Factor:  ND 
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HANDLING  PRECAUTIONS  (5676) 


Contact  causes  burns  to  skin  and  eyes.  Inhalation  may  be  harmful.  Chemical 
goggles  or  face  shield,  rubber  gloves,  and  NIOSH  approved  respirator  are 
recommended. 
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COMMON  SYNONYMS: 

Zinc  carbonate 
Calamine 

Natural  Smithsonite 


CAS.REG.no.:  3486-35-9 

NIOSHNO.:  FG3375000 

ERA  HAZARDOUS  WASTE  NO.:  ND 


CHEMICAL  FORMULA:  ZnCO, 


PHYSICO-CHEMICAL  DATA  (5676) 


Molecular  Weight:  125.38 
Physical  State:  Solid 
Color:  White 
Odor:  Odorless 
Odor  Threshold:  NA 
Density:  4.398  g/cm^ 

Melting  Point:  ND 

Boiling  Point:  ND 

Flash  Point:  ND 

Flammable  Limits:  ND 

Autoignition  Temperature:  ND 

Vapor  Pressure:  ND 

Saturated  Concentration  in  Air:  ND 

Solubility  in  Water:  0.01  g/L 

Viscosity:  NA 

Surface  Tension:  NA 

Log  (Octanol- Water  Partition  Coeff.):  ND 

Log  K  (Stability  Constant  for  Humic  Acid):  ND 

Soil- Water  Distribution  Coeff.:  ND 

Henry’s  Law  Constant:  NA 

Bioconcentration  Factor:  ND 


ZINC  -  ZINC  CHLORIDE 


74-9 


COMMON  SYNONYMS: 

CAS.REG.no.:  7646-85-7 

NIOSHNO.:  ZH1400000 

Zinc  chloride 

EPA  HAZARDOUS  WASTE  NO.:  ND 

Butter  of  zinc 

‘7inr  HirhlnriHf* 

AI3-04470 

Caswell  No.  910 

CHEMICAL  FORMULA  ZnCl2 

EPA  Pesticide  #087801 

Zintrace 

Reacts  with  water  to  form  basic  zinc  chloride  and  hydrochloric  acid  (5641). 

When  heated  to  decomposition  it  produces  toxic  fumes  (5676).  Soluble  zinc  salts 
are  precipitated  as  zinc  hydroxides  by  alkaline  hydroxides.  Mixtures  of  zinc 
chloride  and  potassium  are  explosive  on  impact  (5676). 


PHYSICO-CHEMICAL  DATA  (5643) 


Molecular  Weight:  136.29 
Physical  State:  Solid 
Color:  White 
Odor:  Acrid  (fume) 

Odor  Threshold:  ND 
Density:  2.907  g/cm^  (at  25®  C) 

Melting  Point:  290®  C 
Boiling  Point:  732®  C 
Flash  Point:  ND 
Flammable  Limits:  ND 
Autoignition  Temperature:  ND 
Vapor  Pressure:  1  mm  Hg  (at  428®  C) 

Saturated  Concentration  in  Air;  ND 

Solubility  in  Water:  432  g/100  g  (at  25®  C) 

Viscosity:  ND 

Surface  Tension:  NA 

Log  (Octanol- Water  Partition  Coeff.):  ND 

Log  K  (Stability  Constant  for  Humic  Acid):  ND 

Soil- Water  Distribution  Coeff.:  ND 

Henry’s  Law  Constant:  NA 

Bioconccntration  Factor:  ND 


74-10 


ZINC  -  ZINC  CHLORIDE 


HANDLING  PRECAUTIONS 

Contact  causes  burns  to  skin  or  eyes  (5676).  Harmful  if  inhaled.  Zinc  chloride 
should  be  stored  in  a  well-ventilated  place  with  containers  tightly  closed.  Safety 
glasses,  dust  masks,  and  rubber  gloves  should  be  worn  during  handling  of  zinc 
chloride  powder  (5642). 

For  exposures  to  zinc  chloride  OSHA  (5675)  has  the  following  respirator 
requirements: 

•  10  mg/m^ 

Any  dust,  mist  and  fume  respirator  with  full  facepiece,  or  any 
supplied-air  respirator,  or  any  self-contained  breathing 
apparatus. 

•  25  mg/m^ 

Any  powered  air-purifying  respirator  equipped  with  a  dust,  mist 
and  fume  filter  or  any  supplied-air  respirator  op>erated  in  a 
continuous  flow  mode. 

•  50  mg/m^ 

Any  air-purifying  full  facepiece  respirator  with  a  high-efficiency 
particulate  filter  or  any  powered  air-purifying  respirator  with  a 
tight-fitting  facepiece  and  a  high-efficiency  particulate  filter  or 
any  self-contained  breathing  apparatus  with  a  full  facepiece  or 
any  supplied-air  respirator  with  a  full  facepiece. 

•  2000  mg/m* 

Any  supplied-air  respirator  with  a  full  facepiece  and  operated  in 
a  pressure-demand  or  other  positive  pressure  mode. 

•  Unknown 

Any  self-contained  breathing  apparatus  with  a  full  facepiece  and 
operated  in  a  pressure-demand  or  other  positive  pressure  mode 
or  any  supplied-air  respirator  with  a  full  facepiece  and  operated 
in  a  pressure-demand  or  other  positive  pressure  mode  in 
combination  with  an  auxiliary  self-contained  breathing  apparatus 
operated  in  a  pressure-demand  or  other  positive  pressure  mode. 

ZINC  -  ZINC  FLUORIDE 


74-11 


COMMON  SYNONYMS: 

Zinc  fluoride 

Zinc  difluoride 

CAS.REG.no.:  7783-49-5 

NIOSHNO:  ZH3500000 

EPA  HAZARDOUS  WASTE  NO.:  ND 

CHEMICAL  FORMULA  ZnFj 

REACTIVITY  (5676) 


Reacts  violently  with  potassium.  When  heated  to  decomposition  emits  toxic 
fumes. 


PHYSICO-CHEMICAL  DATA  (5676) 


Molecular  Weight:  103.38 
Physical  State:  Solid 
Color:  Colorless 
Odor:  ND 
Odor  Threshold:  ND 
Density:  4.95  g/cm^  (at  25*  C) 

Melting  Point:  872®  C 
Boiling  Point:  ND 
Flash  Point:  NA 

Flammable  Limits:  Non-combustible 
Autoignition  Temperature:  NA 
Vapor  Pressure:  1  mm  Hg  (at  970°  C) 

Saturated  Concentration  in  Air:  ND 
Solubility  in  Water:  16.2  g/L  (at  20°  C) 

Viscosity:  NA 

Surface  Tension:  NA 

Log  (Octanol- Water  Partition  Cocff.):  ND 

Log  K  (Stability  Constant  for  Humic  Acid):  ND 

Soil-Water  Distribution  Cocff.:  ND 

Henry’s  Law  Constant:  NA 

Bioconcentration  Factor:  ND 


74-12 


ZINC  -  ZINC  FLOURIDE 


ZINC  -  ZINC  FORMATE 


74-13 


COMMON  SYNONYMS: 

CAS.REG.no.;  557-41-5 

NIOSHNO.:  LR0550000 

Zinc  formate 

EPA  HAZARDOUS  WASTE  NO.:  ND 

Formic  acid,  zinc  salt 

Zinc  diformate 

CHEMICAL  FORMULA  C2H404.Zn 

REACTIVITY 


No  data. 


PHYSICO-CHEMICAL  DATA  (5676) 


•  Molecular  Weight:  155.42 

•  Physical  State:  Solid 

•  Color:  Colorless 

•  Odor:  ND 

•  Odor  Threshold:  ND 

•  Density:  2.368  g/cm^ 

•  Melting  Point:  ND 

•  Boiling  Point:  ND 

•  Flash  Point:  ND 

•  Flammable  Limits:  ND 

•  Autoignition  Temperature:  ND 

•  Vapor  Pressure:  ND 

•  Saturated  Concentration  in  Air:  ND 

•  Solubility  in  Water:  38  g/L 

•  Viscosity:  NA 

•  Surface  Tension;  NA 

•  Log  (Octanol- Water  Partition  Coeff.):  ND 

•  Log  K  (Stability  Constant  for  Humic  Acid):  ND 

•  Soil-Water  Distribution  Coeff.:  ND 

•  Henry’s  Law  Constant:  NA 

•  Bioconcentration  Factor:  ND 


74-14 


ZINC  -  ZINC  FORMATE 


ZINC  -  ZINC  HYDROSULFITE 


74-15 


COMMON  SYNONYMS: 

CAS.REG.no.:  7779  -86-4 

NIOSHNO.:  JP2105000 

Zinc  hydrosulfite 

EPA  HAZARDOUS  WASTE  NO.:  ND 

Dithionous  acid,  zinc  salt 

Zinc  dithionate 

Zincate(4-),  tetrakis 

CHEMICAL  FORMULA:  H204S2.Zn 

(monthiosulfato(2-))  di- 

REACTIVITY  (5676) 


Contact  with  water  liberates  SO2  gas. 


PHYSICO-CHEMICAL  DATA  (5676) 


Molecular  Weight:  195.52 
Physical  State:  Solid 
Color:  White 
Odor:  Slight  SOj  odor 
Odor  Threshold:  ND 
Density:  g/cm^:  ND 
Melting  Point:  ND 
Boiling  Point:  ND 
Flash  Point:  ND 

Flammable  Limits:  Not  flammable 

Autoignition  Temperature:  NA 

Vapor  Pressure:  ND 

Saturated  Concentration  in  Air:  ND 

Solubility  in  Water:  280  lb/100  lb  (at  68®  F) 

Viscosity:  ND 

Surface  Tension:  ND 

Log  (Octanol- Water  Partition  Coeff.):  ND 

Log  K  (Stability  Constant  for  Humic  Acid):  ND 

Soil- Water  Distribution  Coeff.:  ND 

Henry’s  Law  Constant:  NA 

Bioconcentration  Factor:  ND 


74-16  ZINC  -  ZINC  HYDROSULFTTE 


HANDLING  PRECAUTIONS  (5676) 


Dust  irritating  to  eyes,  nose,  and  throat.  Solid  irritating  to  skin. 


ZINC  -  ZINC  NITRATE 


74-17 


COMMON  SYNONYMS: 

Zinc  nitrate 
Nitric  acid,  zinc  salt 
Zinc  dinitrate 
Celloxan 


CAS.REG.no.;  1314-13-2 

NIOSHNO.:  ZH4772000 

EPA  HAZARDOUS  WASTE  NO.:  ND 


CHEMICAL  FORMULA  Zn(N03)2 


REACTIVITY  (5676) 


Dangerous  fire  and  explosion  hazard.  Non-combustible,  but  will  accelerate  the 
burning  of  combustible  materials.  Can  react  violently  with  carbon,  copper,  metal 
sulfides,  organic  matter,  sulfides,  and  sulfur.  When  heated  to  decomposition 
emits  toxic  fumes  of  nitrates  and  zinc  oxide. 


PHYSICOCHEMICAL  DATA  (5676) 


Molecular  Weight:  189.38 
Physical  State:  Solid 
Color:  Colorless 
Odor:  ND 
Odor  Threshold:  ND 

Density:  2.065  g/cm’  (at  H^C,  hexahydrate) 

Melting  Point:  45.5°  C  (trihydrate) 

Boiling  Point:  ND 

Flash  Point:  ND 

Flammable  Limits:  ND 

Autoignition  Temperature:  ND 

Vapor  Pressure:  ND 

Saturated  Concentration  in  Ar:  ND 

Solubility  in  Water:  Soluble,  1840  g/L  (at  20°  C,  hexahydrate) 

Viscosity:  NA 

Surface  Tension:  NA 

Log  (Octanol- Water  Partition  Coeff.):  ND 

Log  K  (Stability  Constant  for  Humic  Acid):  ND 

Soil- Water  Distribution  Coeff.:  ND 

Henry’s  Law  Constant:  ND 

Bioconcentration  Factor:  ND 


74-18 


2UNC  -  ZINC  NITRATE 


HANDLING  PRECAUTIONS  (5676) 


Inhalation  of  dust  may  irritate  nose  and  throat.  Contact  with  eyes  or  may  cause 
irritation.  NIOSH  approved  respirator,  goggles  or  face  shield,  and  gloves  are 
recommended  for  the  hexahydrate. 


ZINC  -  ZINC  OXIDE 


74-19 


COMMON  SYNONYMS: 

Zinc  oxide 
ACTOX  14 
ACTOX  16 
ACTOX  216 
AMALOX 
AZODOX 
AZ0  22 
Chinese  white 
Emanay  zinc  oxide 
EMAR 

Flowers  of  zinc 


CAS.REG.no.:  1314-13-2 

NIOSHNO.:  ZH4810000 

EPA  HAZARDOUS  WASTE  NO.:  ND 


CHEMICAL  FORMULA:  ZnO 


REACTIVITY  (5604) 


ZnO  -I-  Xj  (X  =  F,  Cl)  -  ZnXj 

ZnO  +  X2  (X  =  Br,  I)  -*  No  reaction 

ZnO  +  HjS  (at  500“  C)  -  ZnS 

ZnO  +  SO2/H2O  (at  25“  C)  -  ZnSOj 

ZnO  +  NO2  (at  <140“C)  -  Zn(N03)2 

ZnO  +  NO2  (at  >140“C)  -  Zn(N03)2  +  Zn(N02)2 

ZnO  +  H2O  -  Zn(OH)2 

ZnO  +  CO  -*  Zn  +  CO2 

ZnO  +  M  (+heat)  (M  =  K,  Al,  Fe,  Cl,  Ni)  -  MO,  -I-  Zn 
ZnO  +  MO  (-Hheat)  (M  =  Mg,  Cd,  Mn,  Co,  Ni)  -  solution 


PHYSICO-CHEMICAL  DATA  (5643) 


Molecular  Weight:  81.38 
Physical  State:  Powder  or  crystals 
Color:  White  or  yellowish  white 
Odor:  Odorless 
Odor  Threshold:  NA 
Density:  5.607  g/cm^  (at  20“  C) 
Melting  Point:  1975“  C 
Boiling  Point:  ND 
Flash  Point:  ND 
Flammable  Limits:  ND 
Autoignition  Temperature:  ND 


(5676) 

(5676) 

(5676) 

(5676) 

(5676) 

(5604) 


74-20 


ZINC  -  ZINC  OXIDE 


PHYSICO-CHEMICAL  DATA  (5643)  (Cont) 


•  Vapor  Pressure:  12  mm  Hg  (at  1500*C)  (5604) 

•  Saturated  Concentration  in  Air:  ND 

•  Solubility  in  Water:  0.16  mg/100  mL  (at  29° C)  (5604) 

•  Viscosity:  NA 

•  Surface  Tension:  NA 

•  Log  (Octanol- Water  Partition  Coeff.):  NA 

•  Log  K  (Stability  Constant  for  Humic  Acid):  ND 

•  Soil-Water  Distribution  Coeff.:  ND 

•  Henry’s  Law  Constant:  NA 

•  Bioconcentration  Factor:  ND 


ZINC  -  ZINC  OXIDE 


74-21 


HANDLING  PRECAUTIONS 


Respirators  should  be  used  during  handling  of  zinc  oxide  powder  (5642).  Fumes 
of  zinc  oxide  cause  metal  fume  fever.  For  exposures  to  fumes  OSHA  (5675)  has 
the  following  respirator  requirements; 

•  50  mg/m*  Any  dust,  mist  and  fume  respirator  with  full  facepiece,  or 

any  supplied-air  respirator,  or  any  self-contained 
breathing  apparatus. 

•  125  mg/m*  Any  powered  air-purifying  respirator  equipped  with  a 

dust,  mist  and  fume  filter  or  any  supplied-air  respirator 
operated  in  a  continuous  flow  mode. 

•  250  mg/m*  Any  air-purifying  full  facepiece  respirator  with  a  high- 

efficiency  particulate  filter  or  any  powered  air-purifying 
respirator  with  a  tight-fitting  facepiece  and  a  high- 
efficiency  particulate  filter  or  any  self-contained  breathing 
apparatus  with  a  full  facepiece  or  any  supplied-air 
respirator  with  a  full  facepiece  or  any  supplied-air 
respirator  with  a  tight-fitting  facepiece  operated  in  a 
continuous  flow  mode. 

•  2500  mg/m*  Any  supplied-air  respirator  with  a  full  facepiece  and 

operated  in  a  pressure-demand  or  other  positive  pressure 
mode. 

•  Unknown  Any  self-contained  breathing  apparatus  with  a  full 

facepiece  and  operated  in  a  pressure-demand  or  other 
positive  pressure  mode  or  any  supplied-air  respirator  with 
a  full  facepiece  and  operated  in  a  pressure-demand  or 
other  positive  pressure  mode  in  combination  with  an 
auxiliary  self-contained  breathing  apparatus  operated  in  a 
pressure-demand  or  other  positive  pressure  mode. 


74-22 


ZINC  -  ZINC  PHENOLSULFONATE 


COMMON  SYNONYMS: 

Zinc  phenolsulfonate 
l-phenol-4-sulfonic  acid, 
zinc  salt 

Benzenesulfonic  acid,  4-hydroxy-, 
zinc  salt 

Benzenesulfonic  acid,  p-hydroxy-, 
zinc  salt 

Zinc  sulfophenate 
Zinc  phenol  sulfonate 


CAS.REG.no.:  127-82-2 
NIOSHNO.:  DB7120000 
EPA  HAZARDOUS  WASTE  NO.; 


CHEMICAL  FORMULA 


C,2Hj20gS2.Zn 


PHYSICO-CHEMICAL  DATA  (5676) 


Molecular  Weight:  411.70 
Physical  State:  ND 

Color:  Colorless  or  white  (octahydrate) 

Odor:  ND 

Odor  Threshold:  ND 

Density:  ND 

Melting  Point:  ND 

Boiling  Point:  ND 

Flash  Point:  ND 

Flammable  Limits:  ND 

Autoignition  Temperature:  ND 

Vapor  Pressure:  ND 

Saturated  Concentration  in  Ar:  ND 

Solubility  in  Water:  625  g/L  (octahydrate) 

Viscosity:  ND 

Surface  Tension:  NA 

Log  (Octanol- Water  Partition  Coeff.):  ND 

Log  K  (Stability  Constant  for  Humic  Acid):  ND 

Sloil- Water  Distribution  Coeff.:  ND 

Henry’s  Law  Constant:  NA 

Bioconcentration  Factor:  ND 


74-24 


ZINC  -  ZINC  SnJCOFLUORIDE 


ZINC  -  ZINC  SnJCOFLUORIDE  74-25 


HANDLING  PRECAUTIONS  (5676) 


Flurosilicates  are  irritants.  Poisonous  if  swallowed.  Inhalation  of  dust  poisonous. 
NIOSH  approved  respirator,  chemical  goggles  or  face  shield,  and  protective 
gloves  recommended  (hexahydrate). 


74-26 


ZINC  -  ZINC  STEARATE 


COMMON  SYNONYMS: 

Zinc  stearate 
Zinc  octadecanoate 
Zinc  distearate 


CAS.REG.no.:  557-05-1 

NIOSHNO.:  ZH5200000 

EPA  HAZARDOUS  WASTE  NO.:  ND 


CHEMICAL  FORMULA:  C36H7204.Zn 


Not  reactive.  Repels  water.  When  heated  to  decomposition  emits  acrid  smoke 
and  fumes  of  zinc  oxide. 


PHYSICO-CHEMICAL  DATA  (5676) 


Molecular  Weight:  632.33 
Physical  State:  Solid 
Color:  White 
Odor:  Faint  odor 
Odor  Threshold:  ND 
Density:  1.095  g/cm’ 

Melting  Point:  130®  C 

Boiling  Point:  ND 

Flash  Point:  530®  F  (open  cup) 

Flammable  Limits:  ND 

Autoignition  Temperature:  420®  C 

Vapor  Pressure:  ND 

Saturated  Concentration  in  Air:  ND 

Solubility  in  Water:  Insoluble 

Viscosity:  ND 

Surface  Tension:  NA 

Log  (Octanol- Water  Partition  Coeff.):  ND 

Log  K  (Stability  Constant  for  Humic  Acid):  ND 

Soil-Water  Distribution  Coeff.:  ND 

Henry’s  Law  Constant:  NA 

Bioconcentration  Factor:  ND 


74-28 


2aNC  -  ZINC  SULFATE 


COMMON  SYNONYMS: 

CAS.REG.no.:  7733-02-0 

NIOSHNO.:  ZH5260000 

Zinc  sulfate 

EPA  HAZARDOUS  WASTE  NO.:  ND 

MEDIZINC 

OP-THAL-ZIN 

OPTRAEX 

SOLVEZINK 

VERAZINC 

CHEMICAL  FORMULA  ZnSO* 

White  viiriol 

Zinlosite 

A13-03%7 

CASWELL  No.  927 

Zinc  sulfate  forms  three  stable  hydrates;  monohydrate,  hexahydrate,  and 
heptahydrate  (5641).  Its  aqueous  solution  is  acidic  (pH  4.5)  (5644). 


PHYSICO-CHEMICAL  DATA 


Molecular  Weight:  161.44 
Physical  State:  Crystalline 
Odor  Threshold:  ND 
Density:  3.54  g/cm^  (at  25°  C) 

1.96  g/cm^  (25°  C),  hexahydrate 
Melting  Point:  100°  C,  heptahydrate 
Boiling  Point:  ND 
Flash  Point:  ND 
Flammable  Limits:  ND 
Autoignition  Temperature:  ND 
Vapor  Pressure:  ND 
Saturated  Concentration  in  Air:  ND 
Solubility  in  Water:  Soluble 
Viscosity:  NA 
Surface  Tension:  ND 
Log  (Octanol-Water  Partition  Coeff.):  ND 
Log  K  (Stability  Constant  fer  Humic  Acid):  ND 
Soil-Water  Distribution  Coeff.:  ND 
Henry’s  Law  Constant:  NA 
Bioconcentration  Factor:  ND 


(5676) 

(5676) 

(5676) 

(5645) 

(5602) 


(5602) 


ZINC  -  ZINC  SULFATE 


74-29 


HANDLING  PRECAUTIONS 


Contact  with  dust  may  cause  burns  to  skin  and  eyes;  inhalation  may  irritate  nose 
and  throat.  NIOSH  approved  respirator  and  protective  clothing  recommended 
(5676). 


74-30 


ZINC  -  ZINC  SULFIDE 


COMMON  SYNONYMS: 

Zinc  sulfide 
Zinc  monosulfide 
Cl  Pigment  white  7 
Albalith 
Irtran  2 


CAS.REG.no.:  1314-98-3 
NIOSHNO.:  ND 

EPA  HAZARDOUS  WASTE  NO.:  ND 


CHEMICAL  SYMBOL  ZnS 


REACTIVITY  (5676) 


When  containing  water,  it  slowly  oxidizes  in  air  to  sulfate. 


PHYSICO-CHEMICAL  DATA  (5676) 


Molecular  Weight:  97.45 

Physical  State:  Crystalline  (alpha  form  hexagonal;  beta  form  cubic) 

Color:  Colorless 

Odor:  ND 

Odor  Threshold:  ND 

Density:  3.98  g/cm^  (at  25®  C,  alpha); 

4.102  g/cm^  (at  25°  C,  beta) 

Melting  Point:  1700  ±20°  C  (at  50  atm.,  alpha) 

Boiling  Point:  1185°C  (at  1  atm.,  alpha) 

Flash  Point:  ND 

Flammable  Limits:  ND 

Autoignition  Temperature:  ND 

Vapor  Pressure:  ND 

Saturated  Concentration  in  Air:  ND 

Solubility  in  Water:  6.9  mg/L  (at  18°  C,  alpha) 

6.5  mg/L  (at  18°  C,  beta) 

Viscosity:  ND 

Surface  Tension:  NA 

Log  (Octanol-Water  Partition  Coeff,):  ND 

Log  K  (Stability  Constant  for  Humic  Acid):  ND 

Soil-Water  Distribution  Coeff.:  ND 

Henry’s  Law  Constant:  NA 

Bioconcentration  Factor:  ND 


74-32 


ZINC 


PERSISTENCE  IN  THE  SOH^WATER  SYSTEM 


Although  highly  soluble  forms  of  zinc  such  as  zinc  chloride  may  be  mobile  in 
soil-water  systems,  under  most  conditions  zinc  is  usually  bound  to  soil,  adsorbed 
to  hydrated  metal  oxides  (manganese  and  iron),  clays,  or  organics,  or  present  as 
insoluble  precipitates.  In  general,  desorption  and  increased  zinc  mobility  are 
favored  by  low  pH  levels,  reduced  cation  exchange  capacity,  light  soil  texture, 
and  high  salinity  of  soil  water.  Under  such  conditions  leaching  of  zinc  into 
groundwater  may  occur. 


PATHWAYS  OF  EXPOSURE 


Major  pathways  of  exposure  to  the  general  population  are  through  drinking 
water  and  food.  Inhalation  of  airborne  particles  containing  zinc  may  also  be  a 
significant  route  in  certain  areas  close  to  industrial  sources. 


HEALTH  HAZARD  DATA 


Signs  and  Symptoms  of  Short-term  Human  Exposure: 

Ingestion  of  high  doses  of  zinc  compounds  can  cause  gastrointestinal  disturb¬ 
ances  including  nausea,  vomiting,  and  abdominal  pain. 

Inhalation  of  zinc  oxide  fume,  formed  as  a  result  of  oxidation  of  zinc  vapor  in 
air,  can  cause  metal  fume  fever.  The  symptoms  include  chills,  fever,  aching, 
nausea,  dry  throat,  cough,  weakness  and  lassitude.  Recovery  is  usually  rapid 
without  any  sequelae. 

Contact  with  zinc  chloride  causes  burns  to  skin  and  eyes  and  inhalation  of  zinc 
chloride  vapor  is  damaging  to  the  respiratory  system  (5642). 

Acute  Toxicity  Studies  (5634): 

INHALATION: 


TClo  600  mg/m^/10-12  min 

(zinc  oxide) 

human 

TClo  4800  mg/m^/30  min 

(zinc  chloride) 

human 

ORAL: 

LDlo  500  mg/kg 

(zinc  oxide) 

human 

LDlo  40  mg/kg 

(zinc  phosphide) 

human 

TDlo  45  mg/kg/7d 

(zinc  sulfate) 

human 

TDlo  106  mg/kg 

(zinc  sulfate) 

human 

LDjo  2510  mg/kg 

(zinc  acetate) 

rat 

LDso  350  mg/kg 

(zinc  chloride) 

rat 

LD50  1800  mg/kg 

(zinc  phenolsulphonate) 

rat 

LDjo  2949  mg/kg 

(zinc  sulfate) 

rat 

LD50  12  mg/kg 

(zinc  phosphide) 

rat 

DERMAL: 

LD50  2  gm/kg 

(zinc  phosphide) 

rabbit 
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HEALTH  HAZARD  DATA  (Cont) 


Long-Term  Effects: 

In  animals  chronic  oral  exposures  to  zinc  sulfate  have  resulted  in  pancreatic 
lesions. 


Pregnancy/Nconate  Data: 

Although  i.v.  and  i.p.  injections  of  some  zinc  compounds  during  gestation  cause 
teratogenic  effects  in  animals,  there  is  no  evidence  that  oral  exposures  are 
teratogenic;  however,  diminished  reproduction  and  reduced  fetal  growth  have 
been  reported  at  high  doses.  Zinc  deficiencies  can  also  result  in  embryo 
malformations. 


Genotoxicity  Data: 

Zinc  was  not  found  to  be  mutagenic  in  microbial  assays  and  in  a  dominant  lethal 
test  in  mice;  however,  chromosomal  aberrations  have  been  reported  in  animal 
and  human  studies. 


Carcinogenicity  QassiGcation: 


lARC  —  No  data 
NTP  —  No  data 
EPA  —  No  data 
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ENVIRONMENTAL  AND  OCCUPATIONAL  STANDARDS 
AND  CRITERIA 


AIR  EXPOSURE  LIMITS: 


Standards 

•  OSHA  PEL  (8-hr  TWA): 


•  OSHA  STEL  (15-min): 

•  OSHA  CL  (ceiling  value): 

•  AFOSH  PEL  (8-hr  TWA): 


•  AFOSH  CL  (15-min.): 

Criteria 

•  NIOSH  IDLH  (30-min): 

•  NIOSH  REL  (10-hr  TWA). 

•  NIOSH  STEL  (15-min  ceiling): 

•  ACGIH  TLV»  (8-hr  TWA): 


•  ACGIH  STEL  (15-min): 


WATER  EXPOSURE  LIMITS: 


Zinc  chloride  (fume)  1  mg/m^ 

Zinc  oxide  (fume)  5  mg/nr 
Zinc  oxide  (total  dust)  10  mg/m^ 

Zinc  oxide  (respirable  fraction)  5  mg/m^ 
Zinc  stearate  (total  dust)  10  mg/m^ 

Zinc  stearate  (respirable  fraction) 

5  mg/m* 

Zinc  chloride  (fume)  2  mg/m* 

Zinc  oxide  (fume)  10  m^m* 

Zinc  chromate  0.1  mg/nr 

Zinc  chloride  (fume)  1  mg/m* 

Zinc  oxide  (fume)  5  mg/m* 

Zinc  oxide  (total  dust)  10  mg/m* 

Zinc  oxide  (respirable  fraction)  5  mg/m* 
Zinc  stearate  (total  dust)  10  mg/m* 

Zinc  stearate  (respirable  fraction) 

5  mg/m* 

Zinc  chromate  0.1  mg/m* 


Zinc  chloride  2000  mg/m* 

Zinc  oxide  5  mg/m* 

Zinc  oxide  15  mg/m* 

Zinc  chloride  (fume)  1  mg/m* 
Zinc  oxide  (fume)  5  mg/rP 
Zinc  oxide  (total  dust)  10  m^m* 
Zinc  chloride  (fume)  2  mg/nr 
Zinc  oxide  (fume)  10  mg/m* 


Drinlriny  Water  Standards 

•  MCLG: 

•  MCL: 

•  Secondary  standard: 


None  established 
None  established 
5  mg/L  (7056) 
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ENVIRONMENTAL  AND  OCCUPATIONAL  STANDARDS 
AND  CRITERIA  (ConL) 


EPA  Health  Advisories  and  Cancer  Risk  Levels  (5680) 


•  Health  advisories  (draft): 

—  1-day  (child): 

—  10-day  (child): 

—  longer  term  (child): 

—  longer  term  (adult): 

—  lifetime  (adult): 

—  DWEL: 

•  Cancer  risk  levels: 

WHO  Drinking  Water  Guideline 
No  data 


4  mg/L 
4  mg/L 
4  mg/L 
4  mg/L 
4  mg/L 
4  mg/L 

None  established 


EPA  Ambient  Water 


Criteria 


•  Human  Health 

—  None  established 

•  Aquatic  Life 

—  Freshwater  species 

Acute  toxicity:  acute  toxicity  generally  decreases  with  increasing  hardness 
and  increases  with  rise  in  temperature.  At  a  hardness  of  50  mg/L,  sensitiv¬ 
ities  range  from  50.7  to  88,960  pg/L  for  43  species  of  fish  investigated. 

Chronic  toxicity:  chronic  toxicity  values  for  7  fish  species  ranged  from 
46.73  pg/L  for  the  flagfish,  Jordanella  floridae.  to  854.7  pg/L  for  the  brook 
trout,  Salvelinus  fontinalis. 

Freshwater  organisms  and  their  uses  should  not  be  affected  adversely  if  the 
four-day  average  concentrations  of  zinc  do  not  exceed  59,  110,  and  190 
pg/L  and  the  one-hour  average  concentrations  do  not  exceed  65,  120,  and 
210  pg/L  at  hardnesses  of  50,  100,  and  200  mg/L  as  CaCOj,  respectively. 

—  Saltwater  species 

Acute  toxicity:  LC50S  range  from  191.5  pjp/L  for  cabezon,  Scoroanichthys 
marmoratus.  to  320,400  pg/L  for  adults  of  another  clam,  Macoma  balthica. 

Chronic  toxicity:  no  data  available. 

Saltwater  organisms  and  their  use  should  not  be  affected  adversely  if  the 
four-day  average  concentration  of  zinc  docs  not  exceed  86  pg/L  more  than 
once  every  three  years  on  the  average  and  if  the  one-hour  average 
concentration  docs  not  exceed  95  pg/L  more  than  once  every  three  years 
on  the  average. 
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ENVIRONMENTAL  AND  OCCUPATIONAL  STANDARDS 
AND  CRITERIA  (ConL) 


REFERENCE  DOSES: 

•  Inhalation:  No  data 

•  Oral:  100  jig/kg/day  (zinc)  (5680) 

0.3  jig/kg/day  (zinc  phosphide)  (5648) 
0.05  mg/kg/day  (zinc  cyanide)  (5648) 


RECOMMENDED  DIETARY  ALLOWANCE  (RDAl  (5677): 

•  Adults,  male,  15  mg/day 

•  Adults,  female,  12  mg/day 

•  Pregnant  women,  15  mg/day 

•  Nursing  mothers,  1st  six  months,  19  mg/day 

•  Nursing  mothers,  2nd  six  months,  16  mg/day 

•  Children,  1  +  yr  old,  10  mg/day 

•  Children,  <  1  yr  old,  5  mg/day 
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REGULATORY  STATUS  (as  of  Ol-MAR-90) 


Promulgated  Regulations 
•  Federal  Programs 

Qean  Water  Act  fCWAl 

The  following  zinc  compounds  have  been  designated  as  hazardous  substances 
under  the  CWA:  zinc  acetate,  zinc  ammonium  chloride,  zinc  borate,  zinc  bro¬ 
mide,  zinc  carbonate,  zinc  chloride,  zinc  cyanide,  zinc  fluoride,  zinc  formate, 
zinc  hydrosulfite,  zinc  nitrate,  zinc  phenolsulfonate,  zinc  phosphide,  zinc 
silicofluoride,  and  zinc  sulfate  (7015).  Reportable  quantity  (RQ)  limits  have 
been  set  at  4.54  kg  (10  lbs)  for  zinc  cyanide,  45.4  kg  (100  lbs)  for  zinc  phos¬ 
phide,  2270  kg  (5000  lbs)  for  zinc  phenolsulfonate  and  zinc  silicofluoride,  and 
454  kg  (1000  lbs)  for  the  remaining  zinc  compounds  (7015,  7016).  Zinc  and 
zinc  compounds  are  listed  as  toxic  pollutants,  subject  to  general  pretreatment 
regulations  for  new  and  existing  sources,  and  to  effluent  standards  and  guide¬ 
lines  (7017,  7018).  Effluent  limitations  for  zinc  have  been  set  in  the  following 
point  source  categories:  electroplating  (7025),  organic  chemicals,  plastics  and 
synthetic  fibers  (7030),  inorganic  chemicals  manufacturing  (7019),  iron  and 
steel  manufacturing  (7032),  nonferrous  metals  manufacturing  (7020),  steam 
electric  power  generating  (7021),  rubber  manufacturing  (7035),  pulp,  paper 
and  paperboard  (7042),  metal  finishing  (7026),  ore  mining  and  dressing 
(7023),  batteiy  manufacturing  (7027),  metal  molding  and  casting  (7040),  coil 
coating  (7036),  porcelain  enameling  (7037),  aluminum  forming  (7038),  copper 
forming  (7039),  electrical  and  electronic  components  (7024),  and  nonferrous 
metals  forming  and  metal  powders  (7028).  Effluent  limitations  for  total 
metals  exist  in  the  electroplating  point  source  category  (7025).  Limitations 
vary  depending  on  the  type  of  plant  and  industry. 


5>afe  Drinking  Water  Act  (SDWA) 

Zinc  was  on  the  original  list  of  83  contaminants  required  to  be  regulated 
under  the  SDWA  Amendments  of  1986,  but  was  subsequently  removed  and 
placed  on  the  first  priority  list  of  additional  drinking  water  contaminants 
which  may  require  regulation  (7050). 

Although  it  is  being  considered  for  regulation  eventually,  it  is  not  included  in 
any  of  the  Environmental  Protection  Agency’s  (EPA’s)  Phase  1  through  Phase 
V  proposals  scheduled  for  action  by  1991  (7057).  EPA  has  set  a  secondary 
maximum  contaminant  level  (SMCL)  of  5  mg/L  for  zinc  in  drinking  water 
(7056).  In  states  with  an  approved  Underground  Injection  Control  program, 
a  permit  is  required  for  the  injection  of  zinc-containing  wastes  designated  as 
hazardous  under  RCRA  (7054). 
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REGULATORY  STATUS  (as  of  Ol-MAR-90)  (ConL) 


Resource  Conservation  and  Recovery  Act  (RCRA) 

Zinc  cyanide  (#P121),  and  zinc  phosphide  when  present  at  concentrations 
greater  than  10%  (#P122),  are  identified  as  RCRA  acute  hazardous  wastes. 
Zinc  phosphide  when  present  at  concentrations  of  10%  or  less  (#U249)  is 
identified  as  a  RCRA  toxic  hazardous  waste  (7078).  All  three  of  the  alxjve 
zinc  compounds  are  also  listed  as  hazardous  waste  constituents  (7079).  Zinc 
is  subject  to  land  disposal  restrictions  when  its  concentration  as  a  hazardous 
constituent  exceeds  designated  levels.  Effective  June  8,  1989,  hazardous 
wastes  containing  zinc  cyanide  (#P121)  are  prohibited  from  land  disposal  and 
underground  injection  unless  the  designated  treatment  standard  or  the  statu¬ 
tory  no  migration  standard  is  met.  Variances  exist  until  May  8,  1990,  for  zinc- 
containing  hazardous  waste  numbers  P122  and  U249  since  designated  treat¬ 
ment  standards  have  not  yet  been  promulgated.  Site-specific  variances  can  be 
obtained  for  soil  and  debris  contaminated  with  hazardous  waste  (7068,  7080). 
Zinc  is  included  on  EPA’s  groundwater  monitoring  list.  EPA  requires  that  all 
hazardous  waste  treatment,  storage,  and  disposal  facilities  monitor  their 
groundwater  for  chemicals  on  this  list  when  suspected  contamination  is  first 
detected  and  annually  thereafter  (7082). 

Comprehensive  Environmental  Response  Compensation  and  Liability  Act 
(CERCLA) 

Zinc  compounds  designated  as  hazardous  substances  under  CERCLA  include: 
zinc,  zinc  acetate,  zinc  ammonium  chloride,  zinc  borate,  zinc  bromide,  zinc 
carbonate,  zinc  chloride,  zinc  cyanide,  zinc  fluoride,  zinc  formate,  zinc  hydro- 
sulfite,  zinc  nitrate,  zinc  phenolsulfonate,  zinc  phosphide,  zinc  silico- 
fluoride,and  zinc  sulfate.  Reportable  quantity  (RQ)  limits  are  set  at  4.54  kg 
(10  lbs)  for  zinc  cyanide,  45.4  kg  (100  lbs)  for  zinc  phosphide,  2270  kg  (5000 
lbs)  for  zinc  silicofluoride  and  zinc  phenolsulfonate,  and  454  kg  (1000  lbs)  for 
the  rest  of  these  zinc  compounds  (7064).  Zinc  phosphide  and  zinc, 
dichloro(4,4-dimethyl-5(methylamino)  carbonyl)oxy)lmino)  entanenitrile)-, 
T-4)-  are  designated  as  extremely  hazardous  substances  under  SARA  Title  III 
Section  302.  Under  Sections  311  and  312,  any  facility  at  which  these 
compounds  are  present  in  excess  of  their  threshold  planning  quantities  of  500 
pounds  and  100  pounds,  respectively,  must  notify  state  and  local  emergency 
planning  officials.  If  either  of  these  compounds  is  released  from  a  facility  in 
excess  of  their  RQ,  local  emergency  planning  officials  must  be  notified  (7060). 
Under  SARA  Title  III  Section  313,  manufacturers,  processors,  importers,  and 
users  of  zinc  must  report  annually,  to  EPA  and  state  officials,  their  releases  of 
this  chemical  to  the  environment  (7059). 
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REGULATORY  STATUS  (as  of  Ol-MAR-90)  (ConL) 


Federal  Insecticide.  Fungicide,  and  Rodcnticide  Act  (FDFRA) 

Pesticide  registration  standards  for  zinc  phosphide  have  been  issued  by  EPA 
(7004).  The  following  zinc  compounds  are  exempt  from  the  requirement  of  a 
tolerance  when  used  as  ingredients  in  pesticide  formulations  applied  to 
growing  crops,  to  raw  agricultural  commodities  after  harvest,  or  when  applied 
to  animals:  zinc  oxide,  zinc  stearate,  and  zinc  sulfate.  Zinc  orthophosphate  is 
exempt  from  a  requirement  of  a  tolerance  also,  but  only  when  applied  to 
growing  crops  (7006).  Pesticide  products  containing  zinc  phosphide  are  classi¬ 
fied  for  restricted  use  and  are  limited  to  use  by  or  under  the  direct  super¬ 
vision  of  a  certified  applicator  (7007).  Tolerances  are  established  for  residues 
of  a  fungicide  which  is  a  coordination  product  of  zinc  ion  and  maneb  contain¬ 
ing  20%  manganese,  2.5%  zinc,  and  77.5%  ethylenebis-dithiocarbamate  in  or 
on  foods  designated  in  40CFR  185.6300  when  present  therein  as  a  result  of 
the  application  of  this  fungicide  to  growing  crops  (7008).  Tolerances  for  resi¬ 
dues  of  phosphine  from  the  use  of  zinc  phosphide  in  or  on  raw  agricultural 
commodities  are  as  follows:  0.1  ppm  in  or  on  grasses,  0.01  ppm  in  or  on 
grapes  and  sugarcane.  A  tolerance  of  30  ppm  is  established  for  residues  of 
the  fungicide  basic  zinc  sulfate,  calculated  as  elemental  zinc,  in  or  on  the  raw 
agricultural  commodity  peaches  (7005). 

Occupational  Safety  and  Health  Act  (OSHA) 

Employee  exposure  to  zinc  chloride  fume  shall  not  exceed  an  8-hour  time- 
weighted  average  (TWA)  of  1  mg/m’  or  a  15-minute  short-term  exposure  limit 
(STEL)  of  2  mg/m’.  Employee  exposure  to  zinc  oxide  fume  shall  not  exceed 
an  8-hour  time-weighted  average  (TWA)  of  5.0  mg/m’  or  a  15-minute  short¬ 
term  exposure  limit  (STEL)  of  10  mg/m.  Employee  exposure  to  zinc  oxide 
dust  shall  not  exceed  an  8-hour  time-weighted  average  (TWA)  of  10  mg/m’ 
for  total  dust  or  5  mg/m’  for  the  respirable  fraction.  Employee  exposure  to 
zinc  stearate  dust  shall  not  exceed  an  8-hour  time-weighted  average  (TWA) 
of  10  mg/m’  f‘''  »otal  dust  or  5  mg/m’  for  the  respirable  fraction.  Employee 
cxposuic  i.  ..lie  chromate  (as  003)  shall  not  exceed  a  ceiling  level  of  0.1 
m^m’  at  any  time  during  an  8-hour  work-shift  (7000).  Any  substance  or 
waste  defined  as  hazardous  under  RCRA,  CERCLA,  or  HMTA  is  subject  to 
the  amended  Hazardous  Waste  Operations  and  Emergency  Response  stan¬ 
dard  listed  under  29CFR1910.120,  effective  March  6,  1990.  The  standard  is 
applicable  to  any  clean-up  operations  at  uncontrolled  hazardous  waste  sites 
being  clcaned-up  under  government  mandate,  certain  hazardous  waste 
treatment,  storage,  and  disposal  operations  conducted  under  RCRA,  and  any 
emergency  response  to  incidents  involving  hazardous  substances.  The 
standard  lists  employee  protection  requirements  during  initial  site  character¬ 
ization  analysis,  monitoring  activities,  materials  handling  activities,  training, 
and  emergency  response  requirements  (7003). 
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REGULATORY  STATUS  (as  of  Ol-MAR-90)  (ConL) 


Clean  Air  Act  (CAA) 

After  consideration  of  the  data  regarding  serious  health  effects  from  ambient 
air  exposure  to  zinc  and  zinc  oxide,  EPA  has  decided  not  to  regulate  them  as 
hazardous  air  pollutants  (7044). 

Hazardous  Materials  Tran.sportation  Act  (HMTA) 

The  Department  of  Transportation  has  designated  the  following  zinc  com¬ 
pounds  as  hazardous  materials,  subject  to  requirements  for  packaging,  labeling 
and  transportation:  zinc,  zinc  acetate,  zinc  ammonium  chloride,  zinc  borate, 
zinc  bromide,  zinc  carbonate,  zinc  chloride,  zinc  cyanide,  zinc  fluoride,  zinc 
formate,  zinc  hydrosulfite,  zinc  nitrate,  zinc  phenolsulfonate,  zinc  phosphide, 
zinc  silicofluoride,  and  zinc  sulfate.  Reportable  quantity  (RO)  limits  have 
been  set  at  4.54  kg  (10  lbs)  for  zinc  cyanide,  45.4  kg  (100  lbs)  for  zinc  phos¬ 
phide,  2270  kg  (5000  lbs)  for  zinc  phenolsulfonate  and  zinc  silicofluoride,  and 
454  kg  (1000  lbs)  for  the  remaining  zinc  compounds  (7010). 

Marine  Protection.  Research,  and  Sanctuaries  Act  (MPRSA) 

Ocean  dumping  of  organohalogen  compounds  as  well  as  the  dumping  of  oils 
or  known  or  suspected  carcinogens,  mutagens,  or  teratogens  is  prohibited 
except  when  they  are  present  as  trace  contaminants.  Permit  applicants  are 
exempt  from  these  regulations  if  they  can  demonstrate  that  such  chemical 
constituents  are  non-toxic  and  non-bioaccumulative  in  the  marine  environ¬ 
ment  or  are  rapidly  rendered  harmless  by  physical,  chemical  or  biological 
processes  in  the  sea  (7009). 

Food.  Drug,  and  Cosmetic  Act  (FDCA) 

The  level  for  zinc  in  bottled  drinking  water  is  5.0  mg/L.  This  level  is  identical 
to  the  secondary  maximum  contaminant  level  (SMCL)  given  under  the  Safe 
Drinking  Water  Act  (7070).  Zinc  methionine  sulfate  is  approved  for  use  as  a 
direct  food  additive  when  used  in  compliance  with  the  conditions  set  forth  in 
21CFR172.399.  A  number  of  other  zinc  compounds,  listed  under  21CFR175 
and  178,  are  approved  for  use  as  indirect  food  additives  as  components  of 
adhesives,  coatings,  and  packaging  materials  (7072,  7073). 
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REGULATORY  STATUS  (as  of  Ol-MAR-90)  (ConL) 


•  State  Water  Programs 

All  states  have  adopted  EPA  Ambient  Water  Quality  Criteria  and  NPDWRs 
(see  Water  Exposure  Limits  section)  as  their  promulgated  state  regulations, 
either  by  narrative  reference  or  by  relisting  the  specific  numeric  criteria.  The 
following  states  have  promulgated  additional  or  more  stringent  criteria: 

DISTRICT  OF  COLUMBIA 

The  District  of  Columbia  has  set  an  aquatic  life  criterion  of  O.OS  mg/L  for 
total  recoverable  zinc  in  class  C  surface  waters  (7121). 

FLORIDA 

Florida  has  set  the  following  water  quality  criteria:  a  general  criterion  of  1.0 
mg/L  for  zinc  for  all  surface  waters;  and  0.03  mg/L  for  zinc  in  class  I  (potable 
water  supply)  and  class  III  (fish  and  wildlife,  recreation)  fresh  surface  waters 
(7112). 

n.LINOfS 

Illinois  has  set  a  primary  MCL  of  5.0  mg/L  for  zinc  in  drinking  water  (7129). 
MASSACHUSETTS 

Massachusetts  has  a  water  quality  criterion  of  S  mg/L  for  class  I  and  II 
groundwaters  (7125). 

NEW  YORK 

New  York  has  established  the  following  ambient  water  quality  criteria:  300 
/ig/L  for  zinc  in  fresh  surface  water  classed  for  drinking  water  supply  (AA- 
S,AA,AA-S),  5000  /ig/L  for  groundwater  classed  for  drinking  water  supply,  30 
/ig/L  for  zinc  in  fresh  surface  waters  classed  for  fishing  and  fish  propagation 
(AA-S,AA,AA-S,B,C);  58  /ig/L  for  zinc  in  marine  surface  waters  classed  for 
fishing  and  fish  propagation  (SA  SB,  SC),  and  170  /ig/L  for  marine  surface 
water  classed  for  fishing  and  fish  survival  (SD)  (7119). 

NORTH  CAROLINA 

North  Carolina  has  set  an  action  level  of  50  /ig/L  for  all  fresh  surface  waters 
(7113). 

VIRGINIA 

Virginia  has  set  the  following  water  quality  chronic  criteria  for  the  protection 
of  aquatic  life:  47  /ig/L  zinc  in  fresh  surface  waters,  58  /ig/L  zinc  in  saltwater 
surface  waters.  Virginia  also  has  a  water  quality  standard  of  0.05  mg/L  for 
zinc  in  groundwater  (7115). 
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REGULATORY  STATUS  (as  of  Ol-MAR-90)  (Cont) 


WEST  VIRGINIA 

West  Virginia  has  a  water  quality  criterion  of  47  /ig/L  for  zinc  in  surface 
waters  classed  troutwater  B2  (7123). 

WISCONSIN 

Wisconsin  has  set  a  preventive  action  limit  of  2.5  mg/L  for  zinc  in  ground- 
water.  The  enforceable  standa'-d,  however,  is  5.0  mg/L  zinc  which  is  the  same 
as  the  federal  MCL  (7116). 

WYOMING 

Wyoming  has  a  water  quality  criterion  of  2.0  mg/L  for  zinc  in  class  II 
(agriculture)  groundwaters  (7120). 


Proposed  Regulations 

•  Federal  Programs 

Resource  Conservation  and  Recovery  Act  (RCRA) 

The  Environmental  Protection  Agency  (EPA)  has  proposed  that  zinc-contain¬ 
ing  wastes  numbers  P122  and  U249  be  prohibited  from  land  disposal  and 
underground  injection,  effective  May  8, 1990,  unle.<;s  designated  treatment 
standards  or  statutory  no  migration  standards  are  met.  Final  action  is 
expected  on  this  proposal  by  May,  1990  (7085). 

Comprehensive  Rnvimnniental  Response.  Compensation,  and  Liability  Act 
(CERCLA) 

EPA  has  proposed  that  the  following  zinc  compound,  listed  as  an  extremely 
hazardous  substance  under  SARA,  be  listed  as  a  CERCLA  hazardous  sub¬ 
stance,  with  a  reportable  quantity  (RQ)  of  45.4  kg  (100  lbs): 
zinc,dichloro(4,4-dimethyl-5((((methylamino)carbonyl)  oxy)lmino)pentane- 
nitrile)-,(T-4)-.  Final  action  on  this  rule  is  expected  by  September,  1990 
(7065,  7066). 

•  State  Water  Programs 
MOST  STATES 

Most  states  are  in  the  process  of  revising  their  water  programs  and  proposing 
changes  in  their  regulations  which  will  follow  EPA’s  changes  when  they 
become  final.  Contact  with  the  state  officer  is  advised.  Changes  are 
projected  for  1990-91  (7058). 

n.LINOTS 

Illinois  has  proposed  a  general  use  water  quality  criterion  of  1.0  mg/L  for  zinc 
in  all  state  waters  (7130). 
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REGULATORY  STATUS  (as  of  Ol-MAR-90)  (CbnL) 


EEC  Directives 


Directive  on  Drinking  Water  (7086) 

The  mandatory  values  for  zinc  in  surface  water  treatment  categories  Al,  A2 
or  A3  used  or  intended  for  abstraction  of  drinking  water  are  3  mg/L,  5  mg/L 
and  5  mg/L  respectively.  Guideline  levels  for  categories  A2  and  A3  are  1 
mg/L  and  for  Al,  0.5  mg/L. 

Directive  on  Discharge  of  Dangerous  Substances  (7088) 

Zinc  cannot  be  discharged  into  inland  surface  waters,  territorial  waters  or 
internal  coastal  waters  without  prior  authorization  from  member  countries 
which  issue  emission  standards.  A  system  of  zero-emission  applies  to  dis¬ 
charge  of  the  substances  into  ground  water. 


Zinc  products  must  not  be  present  in  salmonid  and  cyprinid  waters  in  such 
quantifies  that  they:  (1)  from  a  visible  film  on  the  surface  of  the  water  or 
form  coatings  on  the  beds  of  water-courses  and  lakes,  (2)  impart  a  detectable 
"hydrocarbon"  taste  to  fish  and,  (3)  produce  harmful  effects  in  fish. 

Directive  on  the  Quality  of  Shellfish  Waters  f7090) 


The  mandatory  specifications  for  zinc  specify  that  the  concentration  of  each 
substances  in  the  shellfish  water  or  in  the  shellfish  flesh  must  not  reach  or 
exceed  a  level  which  has  harmful  effects  on  the  shellfish  and  larvae.  The 
synergistic  effects  of  other  metals  must  be  taken  into  consideration.  The 
guideline  specifications  state  that  the  concentration  of  zinc  in  shellfish  must 
be  so  limited  that  it  contributes  to  the  high  quality  of  shellfish  product. 

Directive  on  Ground  Water  (7091) 

To  ensure  the  effective  protection  of  groundwater  in  the  Community  it  is 
necessary  to  limit  the  discharge  of  zinc  in  groundwater.  The  purpose  of  this 
directive  is  to  prevent  pollution  of  groundwater  substances  belonging  to  sub¬ 
stances  listed  in  the  Annex  of  this  directive.  Zinc  shall  be  subject  to  prior 
review  so  as  to  limit  discharge  into  groundwater.  Member  states  may  grant 
authorization,  provided  that  all  technical  precautions  for  preventing 
groundwater  pollution  by  zinc  has  been  observed. 

Directive  Relatine  to  the  Oualitv  of  Water  Intended  for  Human  Consumption 


(7092) 

No  maximum  admissible  concentration  is  given  for  zinc.  A  guide  level  of  100 
pg/L  is  given  for  outlets  of  pumping  and/or  treatment  works  and  their 
substations  and  5000  pg/L  after  the  water  has  been  standing  for  12  hours  in 
the  piping  and  at  the  point  where  the  water  is  made  available  to  the 
consumer.  Above  5000  pg/L  astringent  taste,  opalescence  and  -like  deposits 
may  occur. 
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Based  Sources  (7105) 

The  convention  provides  steps  to  be  taken  in  preventing  pollution  of  the 
North  East  Atlantic  and  The  North  Sea  from  land-based  sources.  These  steps 
apply  to  three  substances  listed  in  Annex  A:  Part  I  substances  include  persis¬ 
tent  chemical  families  or  materials  must  be  eliminated;  Part  II  substances, 
includes  zinc  and  zinc  compounds  and  its  compounds  which  seem  less  noxious 
or  are  more  readily  rendered  harmless  by  natural  processes.  Discharges  must 
be  subject  to  approval  by  representatives  of  the  contracting  party. 
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74.1  MAJOR  USES 

Of  the  816,000  tons  of  zinc  used  in  the  United  States  in  1980,  42.3%  was  used 
in  galvanizing  metal,  25.5%  in  zinc-base  alloys,  12%  in  brass  and  bronze,  2.6%  in  rolled 
zinc,  3.4%  in  zinc  oxide,  and  14.2%  in  other  miscellaneous  products  (5640). 

The  most  widely  used  compounds  of  zinc  are  zinc  oxide,  zinc  sulfate,  and  zinc 
chloride.  In  1980,  U.S.  production  and  importation  totaled  175,352  metric  tons  for  zinc 
oxide,  39,030  metric  tons  for  zinc  sulfate,  and  12,684  metric  tons  for  zinc  chloride.  The 
largest  user  of  zinc  oxide  is  the  rubber  industry  which  uses  the  compound  as  a 
vulcanization  activator  and  accelerator  and  to  slow  down  the  aging  of  rubber  by 
neutralizing  sulfur  and  organic  acids  formed  by  oxidation.  Zinc  oxide  also  has 
applications  as  a  reinforcing  agent,  a  heat  conductor,  a  pigment,  and  a  UV  stabilizer.  It 
has  also  been  used  as  a  supplement  in  animal  feeds  and  fertilizers,  as  a  catalyst  and 
chemical  intermediate,  and  in  mildew  inhibitors  and  ceramics.  Zinc  sulfate  is  used  in 
rayon  manufacture,  in  agriculture,  in  zinc  plating,  in  flotation  processes,  and  as  a 
chemical  intermediate  and  mordant.  Zinc  chloride  is  used  in  textiles,  adhesives,  flux, 
and  as  a  wood  preservative,  antiseptic,  and  astringent  (5641). 


74.2  ENVIRONMENTAL  FATE  AND  EXPOSURE  PATHWAYS 

Zinc  is  released  into  the  environment  from  both  natural  and  anthropogenic 
sources.  Anthropogenic  sources  of  atmospheric  zinc  are:  mining  and  milling  operations, 
metallurgical  operations,  secondary  zinc  production,  and  combustion  of  fossil  fuels  and 
solid  wastes  (5612,  5620).  Refuse  incineration,  coal  combustion,  smelter  operations, 
and  some  metallurgic  industries  are  the  primary  sources  of  atmospheric  zinc  (5623). 
Atmospheric  particulate  matter  containing  zinc  settles  out  onto  water  and  land.  Major 
sources  of  zinc  in  surface  water  are  leaching  from  exposed  zinc  ore  (primarily 
sphalerite  or  zinc  sulftde),  erosion  of  agricultural  soils,  road  surface  runoff  of  zinc  oxide 
derived  from  automobile  tire  erosion,  and  corrosion  of  zinc  alloys  and  galvanized 
surfaces. 

Most  of  the  zinc  released  to  the  environment  partitions  to  water,  soil  and 
sediments  (5617).  Ocean  sediments  are  considered  to  be  the  ultimate  environmental 
sink  for  zinc.  About  700,000  metric  tons  of  zinc  are  estimated  to  be  transported  to  the 
sea  annually  (5600).  Sedimentation  occurs  chiefly  in  association  vdth  clay  minerals,  but 
also  with  manganese  oxide  nodules  and  phosphorites.  In  anoxic  waters  zinc  may 
precipitate  in  the  form  of  sulfide. 

Zinc  is  essential  for  all  living  organisms  and  bioconcentration  and  transport  of 
zinc  occur  through  the  food  chain  (5600). 
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74^1  Transport  in  SoQ/Groundwater  System 
74.2.1.1  Overvfew 

Transport  of  zinc  in  soil-groundwater  systems  will  generally  be  determined  by 
compound  solubility,  soil  type,  cation  exchange  capacity,  pH,  and  salinity  (5661).  In 
general,  mobility  is  favored  by  low  pH  levels,  reduced  cation  exchange  capacity, 
increased  salinity,  and  light  soil  texture.  Under  aerobic  conditions,  mobility  decreases 
with  increasing  pH  due  to  adsorption  of  zinc  onto  hydrous  iron  and  manganese  oxides 
and  clay  minerals.  However,  for  soils  high  in  organic  matter,  zinc  mobility  may  increase 
as  pH  increases  above  7  due  to  dispersion  and  chelation  of  more  water  soluble  organic 
complexes.  In  calcareous  soils  and  at  high  pH  levels  zinc  will  form  complexes/pre¬ 
cipitates  >vith  carbonates,  hydroxides,  sulfides  and  organic  ligands  (5619).  In  reducing 
environments  mobility  may  be  limited  by  precipitation  reactions,  primarily  involving  zinc 
sulfide;  however,  in  saturated  and  submerged  soils,  production  of  organic  chelates  and 
dissolution  of  Zn-containing  metal  oxides  may  predominant  (71.^6). 

742.12  Sorption  on  Soils 

The  mobility  of  zinc  in  soil-groundwater  systems  is  strongly  affected  by 
compound  solubility,  pH,  cation  exchange  capacity,  soil  type,  and  salinity  (5661).  Zinc 
compounds  of  high  solubility,  such  as  zinc  sulfate,  will  be  fairly  mobile  in  soils.  Zinc 
deposition  in  soil  occurs  by  complexation/adsorption  on  hydrated  metal  oxides 
(manganese  and  iron),  clays,  and  organics  and  by  precipitation  reactions.  Deposition 
depends  on  the  character  of  the  soil  and  tends  to  increase  in  the  order:  gravel  <  sands 
<  muddy  sands  <  muds. 

In  general,  zinc  adsorption  onto  soil  particles  decreases  with  decreasing  pH  and 
decreasing  cation  exchange  capacity  (CEC)  (7139).  At  low  pH  levels  there  are  fewer 
negative  charges  on  soil  surfaces  and  consequently,  fewer  adsorption  sites  (5663).  The 
lowering  of  soil  pH  by  one  unit  will  increase  metal  solubility  by  a  factor  of  about  10 
(5660).  The  relationship  between  pH  and  zinc  mobility  is  shown  in  Figure  74.1. 

Field  studies  indicate  that  soil  acidification  can  result  in  increases  in  fluxes  of 
many  heavy  metals  to  deeper  soil  horizons  as  well  as  increased  uptake  of  metals  into 
plants  (7138). 

Zinc  mobility  will  also  be  affected  by  soil  texture.  Verloo  et  al.  (7139)  reported 
that  zinc  was  1000  times  more  soluble  in  sandy  soil  than  in  heavy  clay  soil.  The 
relationship  between  pH,  soil  texture  and  zinc  mobility  is  shown  in  Figure  74.2. 
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RELATIONSHIP  BETWEEN  SOIL  PH  AND  ZINC  MOBILITY. 
Source:  (5678) 


PERCENTAGE  OF  TOTAL  ZINC  SOLUBILIZED  AS  A  FUNCTION  OF  PH 
IN  THREE  DIFFERENT  TEXTURED  SOILS. 


Source:  (5679) 
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For  soils  rich  in  organic  matter  adsorption  of  zinc  may  decrease  at  pH  levels 
above  7  due  to  dispersion  and  chelation  of  water  soluble  organic  complexes  (5600). 
Organic  complexes  accounted  for  28-99%  of  the  total  soluble  zinc  in  displaced  soil 
solutions  of  less  than  0.2  mg/L  (7136).  Desorption  from  organic  complexes  may  be 
enhanced  in  the  presence  of  Cu^^,  Al^^,  and  Fe*^  which  form  more  stable  and  less 
soluble  bonds  with  humic  acids.  At  estuarine  sites  desorption  increases  as  salinity 
increases,  probably  due  to  the  displacement  of  zinc  ions  by  alkali  and  alkaline  earth 
cations  (5619). 

The  distribution  of  zinc  between  soil  and  soil-water  can  also  be  expressed  in 
terms  of  the  distribution  coefficient,  Kj,  which  is  defined  as  the  ratio  of  the 
concentration  of  an  element  in  soil  (pg/100  g)  to  that  in  water  (pg/100  mL).  In  soil- 
water  systems  at  equilibrium,  Kj  varies  considerably  depending  on  the  nature  of  the 
soil.  Reported  Kj  values  for  zinc  range  from  0.1  to  8000  mL/g  (5615).  In  one  study  a 
Kj  value  of  12.2  mL/g  was  determined  for  a  sandy  soil  and  one  of  939  mL/g  for  a  sandy 
loam  soil  (5646). 

A  computer  model  (code  name  TERRA)  has  been  developed  to  predict  the 
leaching  of  metals  from  the  soil  (5616).  Although  the  model  was  originally  developed 
for  radionuclides,  it  is  applicable  to  non-radioactive  metal  ions.  It  is  based  on  the 
following  relationship: 

ft  -  P  +  I  -  E 

‘  4>d(l  -I-  (o/a).K,,)] 


where: 

ft,  =  leaching  constant 
P  =  annual  average  total  precipitation  (cm) 

I  =  annual  average  irrigation  (cm) 

E  =  annual  average  evapotranspiration  (cm) 

®  =  volumetric  water  content  of  the  soil  [mL/cm^] 
d  =  depth  of  soil  layer  from  which  leaching  occurs  (cm) 
o  =  soil  bulk  density  (g/cm^) 

Kj  =  the  distribution  coefficient  (mL/g) 

The  default  estimate  of  Kj  used  in  the  TERRA  code  for  zinc  is  40  (5616). 

74.2.13  Volatilization  from  Soils 

Volatilization  of  zinc  compounds  from  soil  through  the  formation  of  volatile 
zinc  alkyls  by  bioalkylation  is  unlikely.  In  aquatic  systems  such  compounds  are  unstable 
in  the  presence  of  water  and  oxygen  (5619). 
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74.Z2  Transformation  Processes  in  SoilAj^roundwater  Systems 

Little  information  is  available  on  transformation  pathways  of  zinc  in 
soil/groundwater  systems.  Soil  chemistry  is  controlled  primarily  by  pH  which  affects 
cation  exchange  processes  (dominant  at  low  pH  levels)  and  interactions  with  organic 
ligands  (dominant  at  high  pH  levels),  and  precipitation  processes.  Free  ionic  Zn  occurs 
as  the  hexaquo  ion,  Zn(H20)5‘^  and  forms  coordination  complexes  or  ion  pairs  by 
ligand  substitution  of  the  H2O  groups  (7136).  The  free  ionic  form  predominants  below 
pH  7.7;  ZnOH"^  is  the  major  species  at  pH  7.7-9.1,  and  Zn(OH)2°  or  Zn(OH)4^’  are  the 
major  species  above  pH  9.1  (7136).  The  ion  pairs  ZnSO^®,  ZnHC03'^,  ZnHC03®,  or 
Zn(HC03)2°,  and  ZnHP04®  may  also  be  formed  depending  on  pH  and  solution 
composition. 

In  aqueous  solutions,  where  zinc  also  exists  primarily  as  the  Zn(H20)6^'^  ion, 
water  soluble  zinc  salts  such  as  zinc  chloride  may  hydrolyze  to  form  zinc  hydroxide  or 
zinc  carbonate  in  the  presence  of  excess  bicarbonate.  Under  alkaline  conditions,  zinc 
hydroxide  readily  precipitates  (solubility  0.2  mg  Zn/L)  but  zinc  carbonate  stays  in 
solution  (solubility  107  mg  Zn/L)  (5600).  The  equilibrium  constant  for  precipitation 
reactions,  termed  the  solubility  product  (K,p),  for  zinc  hydroxide  [Zn(OH)2],  and  zinc 
carbonate  (ZnCOj)  are  15.5  and  10.8  (expressed  as  negative  logs),  respectively  (5650). 
The  -logKjp  for  zinc  sulfide  (sphalerite,  ZnS)  is  23.6. 

Precipitation  reactions  may  be  important  under  anaerobic,  reducing  conditions. 
In  studies  in  which  soil  was  irrigated  with  raw  wastewater,  it  was  found  that  zinc 
deposition  occurred  primarily  in  the  form  of  inorganic  precipitates  (5662). 

For  surface  waters  it  has  been  demonstrated  that  under  acidic  conditions,  and 
without  other  geochemical  controls,  zinc  concentration  (Y,)  decreases  very  gradually 
with  distance  (in  kilometers)  from  the  source  (Y2): 

Y,  =  aY2'“”*"®’ 

where  a  is  the  zinc  concentration  1  km  from  the  source. 

According  to  this  equation,  zinc  contamination  will  persist  throughout  the 
course  of  the  water  systems.  However,  with  a  rise  in  pH  (ca.  6.5)  and  in  absence  of 
significant  iron  levels,  zinc  will  presumably  be  adsorbed  onto  suspended  solids,  and  zinc 
levels  should  decrease  rapidly  with  distance  downstream  according  to  the  following 
equation: 


Y, 


Under  these  conditions  there  should  not  be  a  significant  concentration  of  zinc 
in  the  surface  waters  4  km  from  the  source  (5612). 
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74.23  Primaiy  Routes  of  Exposure  From  SoS/Gioundwater  Systems 

Zinc  has  been  found  in  groundwater  at  approximately  97%  of  2,783  hazardous 
waste  sites  (5647).  The  geometric  mean  zinc  concentration  for  these  samples  was  0.010 
mg/L.  Data  on  the  concentrations  of  zinc  in  drinking  water  derived  from  groundwater 
were  not  located. 

Data  on  the  concentration  of  zinc  in  soil  indicate  that  zinc  may  be  present  at 
concentrations  ranging  between  10  and  300  mg/kg  with  a  mean  of  approximately  50 
mg/kg  (5623).  Zinc  has  been  detected  in  soil  at  all  of  2763  hazardous  waste  sites 
sampled  (5647).  The  geometric  mean  concentration  was  376  mg/kg.  The  agricultural 
use  of  fertilizers  containing  zinc  and  metal-rich  sewage  sludge  may  result  in  increased 
zinc  concentrations  in  soil. 

The  soil/plant  transfer  coefficient  for  zinc  has  been  reported  to  be  1-10  (5660) 
and  the  bioconcentration  factor  for  plants  0.4  (5624).  Bioconcentration  factors  for  zinc 
uptake  by  terrestrial  invertebrates  and  mammals  are  8,  and  0.6,  respectively  (5624), 
indicating  limited  potential  for  bioaccumulation.  Zinc  content  of  grains,  vegetables, 
and  fruits  is  usually  less  than  10  mg/kg,  and  that  of  meats,  fish  and  poultry  averages 
24.5  mg/kg  (5664). 

743.4  Other  Sources  of  Exposure 

Zinc  is  released  into  the  atmosphere  as  dust  and  fumes  associated  with  zinc 
production  facilities,  smelters,  automobile  emissions,  fossil  fuel  combustion,  and  waste 
incineration.  The  average  concentration  of  zinc  in  particulate  matter  in  the  air  of  six 
U.S.  cities  over  a  10-day  period  was  reported  to  be  500  ng/m’  (5620).  Atmospheric 
zinc  is  not  expected  to  be  a  significant  source  of  exposure  for  the  general  public. 
However,  inhalation  exposures  may  occur  in  locations  close  to  the  sources  of  emission. 
The  major  primary  zinc  production  areas  in  the  U.S.  are  Tennessee,  Missouri, 

Colorado,  New  York,  and  New  Jersey  (5600).  Inhalation  exposures  may  be  significant 
in  industrial  situations.  Occupational  exposures  have  occurred  in  metallurgical 
industries  where  zinc  and  zinc  alloys  are  heated  and  zinc  vapors  arc  oxidized  in  air  to 
zinc  oxide.  Inhalation  of  zinc  oxide  fumes  is  thought  to  be  a  cause  of  so-called  "metal 
fume  fever". 

The  zinc  concentration  in  fresh  waters  is  variable  but  usually  averages  10  pg/L 
(5600).  Zinc  has  been  detected  in  surface  water  at  68%  of  2,783  hazardous  waste  sites, 
the  geometric  mean  concentration  being  0.016  mg/L  (5647).  Zinc  has  also  been 
detected  in  77%  of  380  finished  drinking  waters  in  the  United  States.  The  average 
concentration  of  zinc  in  drinking  water  is  79.2  pg/L  (minimum  3,  maximum  2,010  pg/L) 
(5622). 


Bioconcentration  factors  for  twelve  aquatic  species  capable  of  utilizing  zinc 
from  both  food  and  water,  range  from  4  to  24,000  (5625).  The  zinc  content  of  marine 
organisms,  oysters  in  particular,  can  be  relatively  high  (10-50  mg/kg  wet  weight)  (5624). 
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Other  possible  sources  of  exposure  to  zinc  include  accidental  poisonings 
occurring  when  inadvertently  large  doses  of  zinc  salts  are  taken  for  therapeutic 
purposes  or  when  acidic  brews  or  drinks  are  made  in  galvanized  vessels  (5603). 

74.Z5  Biological  Monitoring 

Biological  monitoring  methods  for  zinc  have  been  reviewed  by  ATSDR  (5617). 
Atomic  absorption  spectrometry  is  the  method  of  choice  for  determining  levels  of  zinc 
in  bone,  liver,  hair,  blood,  and  urine.  Sample  detection  limits  of  0.01  p^lOO  mL  for 
blood  and  0.2  pg/g  for  tissue  have  been  reported.  Neutron  activation  analysis  has  also 
been  used  to  detect  zinc  in  blood  and  urine.  Limits  of  detection  for  blood  samples  is  5 
X  10'^  pg/'lOO  mL. 

74.3  HUMAN  HEALTH  CONSIDERATIONS 

Zinc  is  an  essential  element  in  human  and  animal  nutrition  and  is  present  in 
high  concentrations  in  prostate,  bone,  muscle,  and  liver  (7133).  The  minimum  daily 
recommended  dietaiy  intakes  are:  15  mg  for  adult  males,  12  mg  for  adult  females,  15 
mg  for  pregnant  women,  19  mg  for  nursing  mothers  during  the  first  six  months  and  16 
mg  during  the  second  six  months,  10  mg  for  children  older  than  1  yr,  and  5  mg  for 
infants  0-12  months  old  (5677).  Zinc  deficiency  has  been  linked  to  teratogenic  effects. 

Absorption  of  zinc  into  the  body  is  highly  variable  (10-90%)  and  is  dependent 
on  a  number  of  factors.  Homeostatic  mechanisms  exist  for  gastrointestinal  absorption 
and  excretion.  The  biological  half-life  of  retained  **Zn  is  about  1  yr  in  humans. 

Some  zinc  salts  arc  toxic  due  to  the  characteristic  of  the  anions,  e.g.,  zinc 
cyanide,  zinc  chromate,  and  zinc  phosphide  (5600).  Information  on  the  health  effects 
of  cyanide  can  be  found  in  the  Air  Force  Toxicology  Guide,  Chapter  56.  Information 
on  the  health  effects  of  chromates  can  be  found  in  Chapter  54  of  the  Tox  Guide.  Zinc 
phosphide  is  a  rodcnticidc  whose  toxicity  results  from  the  formation  of  phosphine  gas 
under  aqueous  acidic  conditions.  Cases  of  accidental  ingestion  of  zinc  phosphide  have 
been  reported.  Adverse  clinical  symptoms  in  such  poisonings  include  vomiting, 
anorexia,  abdominal  pain,  and  lethargy.  In  acute  cases  hypotension,  cardiac 
arrhythmias,  circulatory  collapse,  pulmonary  edema,  seizures,  renal  damage,  leukopenia, 
and  coma  and  death  in  days  to  weeks  have  occurred  (5654).  These  effects  have  been 
attributed  to  the  release  of  phosphine  gas  under  the  acidic  conditions  in  the  stomach. 

The  discussion  in  the  following  sections  will  focus  on  those  compounds  in 
which  the  reported  toxic  effects  arc  likely  to  be  due  to  the  zinc  component  of  the 
compounds. 


ZINC 


74-53 


743.1  Animal  Studies 

743.1.1  Carcinogenicity 

The  potential  carcinogenicity  of  zinc  has  been  evaluated  in  very  few  studies. 
Walters  and  Roe  (5606)  maintained  mice  on  diets  containing  zinc  oleate  for  a  period  of 
3  (dietary  level  2,500  and  5,000  ppm)  or  6  months  (1,250  ppm)  and  examined  the 
animals  for  tumors  at  45  weeks  of  age.  There  was  no  statistically  significant  increase  in 
incidence  of  hepatomas,  lymphomas,  or  lung  adenoma  when  compared  to  controls. 
Addition  of  zinc  chloride  to  drinking  water  at  concentrations  of  5,000  ppm  and  1,000 
ppm  for  the  same  time  period  did  not  materially  alter  the  results.  In  another  study, 
Marrs  et  al.  (5667)  evaluated  the  carcinogenic  effects  of  a  zinc  oxide/hexachloroethane 
smoke  mixture  on  several  species  of  animals  and  found  a  statistically  significant  increase 
in  the  frequency  of  alveologenic  carcinomas  in  female  mice  exposed  to  123  mg  Zn/m^, 

1  hr/day,  5  daysAveek,  for  18  months.  Similar  exposures  to  rats  and  guinea  pigs  did  not 
produce  a  carcinogenic  response.  Evaluation  of  this  study  is  complicated  by  the 
presence  of  several  compounds  in  the  smoke  mixture  that  may  have  contributed  to  the 
carcinogenic  effects.  No  other  experimental  evidence  for  any  other  carcinogenic  effect 
of  zinc  in  laboratory  animals  is  available.  On  the  other  hand,  there  is  some  evidence 
that  zinc  may  act  antagonistically  towards  the  carcinogenic  effects  of  other  compounds. 
For  example,  administration  of  zinc  sulfate  in  drinking  water  reduced  the  incidence  of 
9,10-dimethyi-l,2-benzanthracene-induced  tumors  in  the  cheek  pouches  of  golden 
hamsters  (5607). 

743.13  Genotoxicity 

Zinc  chloride  and  zinc  sulfate  were  found  to  be  non-mutagenic  when  tested  in 
microbial  assays  using  Escherichia  coli.  Salmonella  tvphimurium  TA102,  and  in  the 
mouse  lymphoma  cell  assay  (5626,  5627,  5628).  An  in  vivo  dominant  lethal  assay  with 
mice  was  also  negative  (5629).  However,  chromosomal  aberrations  have  been  observed 
in  bone  marrow  cells  in  mice  receiving  650  mg/kg/day  of  zinc  chloride  in  their  diet 
(5630)  and  in  mice  exposed  to  zinc  oxide  dust  by  inhalation  (5631). 

743.13  Teratogenicity,  Embiyotoxicity  and  Reproductive  EfTccts 

Intravenous  and  intraperitoneal  injections  of  zinc  compounds  in  rodents  during 
gestation  have  resulted  in  teratogenic  effects.  The  offspring  of  pregnant  golden 
hamsters  injected  intravenously  with  a  single  dose  of  2  mg  zinc  sulfate/kg  on  the  eighth 
day  of  gestation,  showed  mild  teratogenic  effects  such  as  congenital  malformations 
(exencephaly  and  rib  fusions)  (5657).  Similar  skeletal  anomalies  including  delayed 
ossification  and  ripple  ribs  were  observed  in  the  offspring  of  mice  injected 
intraperitoneally  with  single  doses  of  12.5,  20.5,  and  25  mg  zinc  chloride/kg  on  day  8,  9, 
10,  or  1 1  of  gestation  (5658). 

Animal  studies  have  not  shown  a  correlation  between  oral  exposure  to  zinc 
salts  during  pregnancy  and  teratogenic  effects;  however,  high  oral  doses  can  affect 
reproduction  and  fetal  growth.  In  one  study  demonstrating  such  effects,  albino  rats 
were  maintained  on  a  diet  containing  250  mg  Zn/kg/day  (as  ZnO)  during  gestation  and 
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470  mg  Zn/kg/day  (as  ZnO)  during  lactation,  respectively.  The  fetal  growth  was 
reduced  and  the  whole  body  burden  of  Zn  and  the  liver  concentration  of  Zn  were 
increased  in  both  the  dams  and  pups.  The  concentrations  of  iron  and  copper  in  the 
liver  and  the  whole  body  were  reduced  in  both  the  dams  and  pups  (5656).  In  another 
study,  female  rats  ingesting  dietary  levels  of  500  mg/kg/day  as  zinc  carbonate  ceased  to 
reproduce  after  5  months  on  the  ration.  It  was  reported  that  these  effects  may  have 
been  associated  with  a  zinc-induced  anemia  indicated  by  reduced  hemoglobin  and  RBC 
levels  (5632). 

743.1.4  Other  Toxicological  Effects 
743.1.4.1  Short-term  Toxicologic  Effects 

Respiratory  system  effects. -Rats  exposed  to  zinc  oxide  at  15  mg/m^  for  8  hr 
daily  for  up  to  84  days  showed  only  minor  histological  changes  in  the  lung,  but 
pulmonary  function  tests  were  indicative  of  chronic  pulmonary  inflammation  (5624). 
Histological  examination  of  lungs  from  rats  exposed  to  zinc  stearate  at  5  mg/m^  for  3-5 
months  showed  no  signs  of  fibrosis  (5624). 

Gastrointestinal  effects. -Zinc-induced  gastrointestinal  effects  have  been 
reported  in  a  number  of  animal  studies.  Ferrets  exposed  to  850  mg  Zn/kg/day  (as  zinc 
oxide)  for  6  months  developed  gastrointestinal  hemorrhages  (5608).  Similar  results  as 
well  as  degenerative  changes  in  the  pancreas,  were  observed  in  rats  and  mice  ingesting 
zinc  sulfate  (1,500  mg/kg/day  and  3,^  mg/kg/day,  respectively)  for  13  weeks  (5609). 
Inflammation  of  the  gastrointestinal  tract  and  stunted  growth  occurred  in  weanling  pigs 
kept  on  1000  mg  Zn/kg  for  more  than  a  month  (5633).  Severe  enteritis  was  observed 
in  cows  that  accidentally  ingested  20,000  ppm  of  zinc  oxide  (5611).  Pancreatic 
abnormalities  have  also  been  reported  for  cats  receiving  333.3  mg  zinc  oxide/kg/day 
(5674),  and  in  sheep  receiving  33  mg  Zn/kg/day  (5665). 

Hematological  effects. -Anemia  has  been  observed  in  mice,  ferrets,  and  sheep 
following  oral  exposures  to  zinc  oxide  or  zinc  oleate  (5617,  7137).  Rats  and  mice  given 
oral  doses  of  zinc  sulfate  (1,500  mg/kg/day,  and  3,900  mg/kg/day,  respectively)  for  13 
weeks  developed  low  levels  of  hemoglobin,  low  hematocrit,  decreas^  numbers  of 
leukocytes,  and  morphological  changes  in  red  blood  cells  (5609). 

Kidney  and  liver  effects. -Pathological  changes  in  the  kidney  have  been 
observed  in  sheep  following  49  or  72  day  oral  exposures  to  13-20  mg/kg/day  (5665). 
Diffuse  nephrosis  was  observed  in  ferrets  dosed  with  850  mg  zinc  oxide/kg/day  for  9-13 
days  (5608),  Renal  lesions  were  seen  in  mice  given  3,900  mg/kg/day  of  zinc  sulfate  in 
their  diet  for  13  weeks  (5609). 

Hepatic  necrosis  has  been  observed  in  sheep  receiving  33  mg  Zn/kg/day  (5665). 

Adrenal  effects. -Increased  adrenal  and  thymus  weights  and  decreased  plasma 
levels  of  11-hydroxysteroids  occurred  in  rats  receiving  zinc  in  their  drinking  water  at  a 
level  corresponding  to  10  mg  ZnSO^day  (71.35). 
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743.1.4^  Chronic  Toxioologic  Effects 

Very  few  long-term  animal  toxicity  studies  have  been  conducted  on  zinc 
compounds.  Pancreatic  lesions  have  been  reported  in  mice  ingesting  95  mg  zinc 
sufate/kg/day  in  drinking  water  for  14  months  (5666). 

7433  Human  and  Epidemiological  Studms 

7433.1  Short-term  Toxicologic  Effects 

Respiratory  system  effects. -Inhalation  exposure  to  high  concentrations  of  some 
zinc  compounds,  such  as  zinc  chloride  and  zinc  oxide,  can  result  in  toxic  effects  to  the 
respiratory  system  (5617).  Inhalation  of  zinc  oxide  fumes  has  been  associated  with 
metal  fume  fever  (7133).  Exposure  to  600  mg  Zn/m*  for  10  min  or  more  can  result  in 
acute  toxic  effects.  Symptoms,  including  nasal  passage  irritation,  cough,  rales,  head¬ 
ache,  fever,  hyperpnea,  leukocytosis,  sweating,  and  pains  in  the  legs  and  chest,  usually 
occur  within  a  few  hours  after  the  exposure  and  last  6-48  hr.  Respiratory  changes 
include  reduced  lung  volume  and  decreased  diffusing  capacity  of  carbon  monoxide. 
Exposed  individuals  usually  recover  within  2  days  (5624). 

Inhalation  exposure  to  zinc  chloride  produces  more  severe  toxic  effects  than 
those  due  to  exposure  to  zinc  oxide.  Acute  exposures  can  result  in  dyspnea,  cough, 
chest  pain,  bilateral  diffuse  infiltrations,  pneumothorax,  and  acute  pneumonitis  from 
respiratory  tract  infections  (5617).  More  severe  effects  include  ulcerative  and 
edematous  changes  in  mucous  membranes,  subpleural  hemorrhage,  advanced 
pulmonary  fibrosis,  and  respiratory  distress  syndrome.  Fatalities  have  occurred  in  some 
accidental  exposures  (5624). 

Gastrointestinal  effects. -Gastrointestinal  disturbances  are  a  common  symptom 
of  acute  oral  exposure  to  zinc,  particularly  to  zinc  sulfate  (5617).  Accidental  poisonings 
have  occurred  as  a  result  of  the  therapeutic  use  of  zinc  supplements  and  from  food 
contamination  caused  by  the  use  of  zinc  galvanized  containers.  Symptoms  develop 
within  24  hr  and  include  nausea,  vomiting,  diarrhea,  and  abdominal  cramps  (5624). 
Gastrointestinal  bleeding  may  occur  and  result  in  hematological  signs  of  anemia. 

In  one  case  study,  ingestion  of  zinc  chloride  reportedly  resulted  in  pharyngitis, 
esophagitis,  hypocalcemia,  and  elevated  levels  of  amylase;  the  latter  two  changes  being 
indicative  of  acute  pancreatitis  (5673).  Elevated  serum  amylase  levels  were  also 
reported  in  a  case  of  ingestion  of  elemental  zinc  (12  g  over  a  2-day  period)  (5600). 

Hematological  effects. -Acute  inhalation  of  zinc  oxide  has  also  been  associated 
with  moderate  leukocytosis  (5672).  Some  individuals  ingesting  large  doses  of  zinc  have 
developed  anemia,  possibly  due  to  gastrointestinal  bleeding  (5617). 

Neurological  effects. -Ingestion  of  12  g  of  elemental  zinc  over  a  2-day  period 
by  a  16  year-old  boy  resulted  in  lethargy,  a  slightly  staggering  gait,  and  difficulty  in 
writing  (5600). 


Dermatological  effects. -Exposure  to  zinc-chromium  compounds  from 
galvanized  steel  was  considered  to  be  a  partially  resp>onsible  for  an  outbreak  of  irritant 
hand  dermatitis  which  affected  24  of  41  employees  working  on  a  new  assembly  line  of 
an  electronics  factory  (5655). 

Adrenal  effects. -In  a  clinical  study  on  13  normal  individuals,  it  was  found  that 
oral  doses  of  25,  37.5  or  50  mg  of  zinc  (administered  as  hexahydrate  zinc  sulfate) 
resulted  in  a  significant  transitory  decrease  in  adrenal  cortisol  levels  in  the  plasma. 

743.2.2  Chronic  Toxicologic  Effects 

Several  epidemiological  studies  have  examined  cancer  mortality  rates  in 
occupationally  exposed  workers  and  in  residents  in  areas  with  potentially  high  zinc 
contamination  (5668-5671).  No  association  between  cancer  mortality  and  zinc  exposure 
could  be  established  for  workers  employed  in  electrolytic  zinc  and  copper  refining 
plants;  however,  analysis  of  the  data  was  limited  by  the  small  number  of  deaths  in 
workers  exposed  to  zinc  (5668).  Lung  cancer  mortality  was  reported  to  be  elevated  in 
residents  living  in  an  old  lead/zinc  mining  and  smelting  area,  but  there  was  no 
association  with  environmental  levels  of  zinc  (5669).  Because  many  confounding 
factors  (i.e.,  smoking,  occupation  and  duration  of  residence)  were  not  considered,  it  is 
unlikely  that  the  study  could  have  detected  zinc-related  effects  (5617).  An  excess  rate 
of  gastric  cancer  was  reported  for  a  region  of  Great  Britain  having  high  zinc  to  copper 
ratios  in  home  garden  soil  (5670);  however,  in  another  study  significantly  lower  gastric 
cancer  rates  were  reported  for  areas  having  high  soil  zinc  to  copper  ratios  (5671). 

Non-cancer  health  effects  have  been  reported  in  occupationally  exposed 
workers.  Zinc-exposed  workers  have  exhibited  gastrointestinal  symptoms  including 
anorexia,  nausea,  vomiting,  epigastric  discomfort,  and  weight  loss  (5600).  Levels  of 
exposure  to  airborne  zinc  and  gastrointestinal  disturbances  in  occupationally  exposed 
workers  have  been  correlated  with  changes  in  serum  enzyme  actives  indicative  of  liver 
dysfunction  (7132).  Although  concomitant  exposure  to  other  toxic  substances  may  have 
contributed  to  these  effects,  similar  effects  have  been  documented  in  laboratory  animals 
exposed  to  zinc  compounds.  Such  health  effects  may  be  indicative  of  an  acute  toxic 
response  to  transient  elevations  in  exposure  levels  rather  than  to  chronic  low  level 
exposures. 

Some  workers  exposed  to  zinc  have  shown  a  higher  than  normal  prevalence  of 
chromosome  anomalies  in  leukocytes  (7131),  and  zinc  chloride  has  been  shown  to 
induce  chromosome  aberrations  in  human  lymphocytes  in  vitro  (5624).  The  health 
implications  of  these  findings  have  not  been  established. 

7433  Levels  of  Concern 

Zinc  is  an  essential  element.  The  recommended  dietary  allowance  for  adults 
has  been  set  at  15  mg/day  for  men  and  12  mg/day  for  women  (5677).  The  currently 
established  USPHS  "recommended"  or  secondary  drinking  water  standard  for  zinc  is  5 
mg/L  (5622).  The  EPA  secondary  drinking  water  quality  criterion  is  also  set  at  5  mg/L 
(7605). 
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The  oral  reference  dose  for  zinc  is  100  jig/kg/day  (5680).  The  U.S.  EPA 
Health  Advisories  for  zinc  (1-day,  10-day,  and  longer  term  for  children  and  longer  term 
and  lifetime  for  adults)  are  4  mg/L.  The  DWEL  is  also  4  mg/L  (5680).  The  oral 
reference  dose  for  zinc  cyanide  is  0.05  mg/kg/day  (5648).  The  oral  reference  dose  for 
zinc  phosphide  is  0.0003  mg/kg/day  (5648). 

No  federal  air  quality  standards  for  zinc  have  been  promulgated.  Air 
concentrations  are  generally  low  (average  500  ng/m^),  and  exposure  of  the  general 
public  is  likely  to  be  minimal  except  near  sources  of  industrial  emissions. 

Significant  levels  of  exposure  to  zinc  are  most  likely  to  occur  onlv  in 
occupational  exposure  situations.  The  major  occupational  exposure  route  to  zinc  is 
inhalation.  OSHA  has  set  the  time-weighted  average  (TWA)  permissible  exposure 
limits  (PEL)  at  1  mg/m^  for  zinc  chloride  fume,  5  mg/m^  for  zinc  oxide  fume,  10  mg/m^ 
for  zinc  oxide,  or  zinc  stearate,  total  dust,  and  5  mg/m^  for  zinc  oxide  or  zinc  stearate, 
respirable  fraction  (5635).  Employee  exp)osure  to  zinc  chromate  (as  CrOj)  shall  not 
exceed  a  ceiling  level  of  0.1  m^m*  at  any  time  during  an  8-hour  work-shift  (7000). 
NIOSH  has  recommended  an  exposure  limit  of  5  mg/m^  (10-hr  TWA)  for  zinc  oxide 
fume  and  dust  (5637).  The  recommended  15-min  short-term  exposure  limit  is  15 
mg/m\  ACGIH  has  recommended  an  8-hr  threshold  limit  value  and  short-term 
exposure  limit  of  1  mg/m^  and  2  mg/m^  respectively,  for  zinc  chloride  fumes.  The 
corresponding  values  for  zinc  oxide  (dust  and  fume)  are  set  at  5  and  10  mg/m^  (5636). 

743.4  Hazard  Assessment 

The  major  effects  of  zinc  deficiency  are  decreased  food  intake,  cessation  of 
growth,  and  interference  of  the  growth  and  function  of  the  reproductive  organs.  Zinc 
deficiency  may  be  caused  by  insufficient  intake  of  zinc  in  food  and/or  by  the  presence 
of  excess  phytate  in  food  which  interferes  with  the  absorption  of  zinc  in  the 
gastrointestinal  tract.  Zinc  deficiency  has  been  shown  to  enhance  the  toxicity  of 
cadmium  and  excess  of  zinc  intake  may  inhibit  the  absorption  of  copper  (5601). 

Zinc  occurs  in  most  foods  at  low  concentrations,  but  it  does  not  bioaccumulate 
through  the  food  chain.  Most  surface  waters  in  the  United  States  have  very  low 
concentrations  of  non-filtrable  zinc  (5600).  Although  the  potential  exists  for  zinc  to  be 
released  from  industrial  sources  such  as  mining  and  metallurgical  operations,  or  from 
leaching  at  waste  sites,  the  environmental  data  suggest  that  much  of  the  zinc  will 
become  bound  to  sediments  and  soil,  and  therefore  will  be  less  likely  to  become  a 
groundwater  or  drinking  water  contaminant.  However,  under  certain  environmental 
conditions,  such  as  in  acidic  sandy  soils,  zinc  mobility  may  be  sufficiently  enhanced  to 
allow  for  significant  transport  to  groundwater.  Zinc  levels  in  drinking  may  also  become 
elevated  as  a  result  of  leaching  from  galvanized  pipes  used  in  distribution  systems. 

Exposure  to  toxic  amounts  of  zinc  is  unlikely  except  in  occupational  exposure 
situations  and  in  cases  of  accidental  poisoning  (5624).  Toxic  effects  in  humans  have 
been  observed  following  acute  and  short-term  exposures.  Inhr’ation  of  zinc  oxide 
fumes  is  associated  with  so-called  "metal  fume  fever"  (7133).  The  symptoms  are 
influenza-like:  headache,  fever,  hyperpnea,  leukocytosis,  sweating,  and  pains  in  the  legs 
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and  chest.  No  fatalities  have  resulted  from  such  exposures  and  normal  recovery  takes 
place  within  days.  Ingestion  of  high  concentrations  of  zinc  compounds  by  humans  and 
animals  can  result  in  gastrointestinal  disturbances  (5617).  Renal  and  hepatic  effects 
have  also  been  observed  in  animals  (5608,  5609,  5665).  Toxic  effects  resulting  from 
chronic  low  level  exposures  to  zinc  have  not  been  documented  in  humans;  however,  in 
animals  chronic  adverse  effects  involve  the  gastrointestinal  system  and  pancreas  (5666). 

The  only  carcinogenic  effect  of  zinc  reported  in  the  literature  involves  the 
development  of  alveologenic  carcinomas  in  female  mice  exposed  to  zinc 
oxide/hexachloroethane  smoke  mixtures  (5605,  5667).  The  relevance  of  this  study  to 
human  health  has  not  been  established. 

There  is  no  evidence  that  zinc  is  mutagenic  in  standard  microbial  assays; 
however,  chromosomal  aberrations  have  been  observed  in  bone  marrow  cells  of 
exposed  animals,  in  human  lymphocytes  exposed  in  vitro,  and  in  leukocytes  of 
occupationally  exposed  workers  (5626-5631,  7131). 


74.4  SAMPLING  AND  ANALYSIS  (CONSIDERATIONS 

Determination  of  zinc  concentrations  in  soil  and  water  requires  the  collection 
of  a  representative  field  sample  and  the  maintenance  of  proper  storage  conditions  prior 
to  laboratory  analysis.  Samples  for  metal  determinations  should  be  collected  in  either 
glass,  polypropylene  or  teflon  containers.  The  sample  containers  should  have  been 
previously  cleaned  with  the  following  sequence  of  reagents  to  minimize  bottle 
contamination;  detergent,  tap  water,  1:1  nitric  acid,  tap  water,  1:1  hydrochloric  acid, 
tap  water,  and  Type  II  water.  Approximately  6(X)  mL  of  aqueous  sample  should  be 
collected  to  ensure  a  final  sample  digestion  volume  of  100  mL.  To  reduce  the 
probability  of  metal  hydrolysis,  metal  adsorption  onto  or  leaching  from  the  sample 
container,  or  chemical  transformation  through  bacterial  metabolism,  the  aqueous 
sample  must  be  preserved  with  the  addition  of  nitric  acid  such  that  the  final  pH  is  less 
than  pH  2.  At  least  200  grams  of  solid  sample  should  be  collected  to  prepare  a  sample 
digestion  volume  of  100  mL.  Usually  no  preservative  procedure  is  required  for  solid 
samples  other  than  storage  at  4°C  until  sample  analysis.  All  samples  should  be 
analyzed  within  180  days  of  sample  collection.  In  addition  to  the  targeted  samples, 
duplicates  and  spiked  matrices  snould  be  included  in  the  analytical  program  to  ascertain 
the  reproducibility  and  accuracy  of  the  analytical  determination  (5651). 

Analytical  methods  available  for  analyzing  inorganic  zinc  in  water,  soils  and 
waste  include  atomic  absorption  (Methods  289.1  and  289.2)  and  inductively  coupled 
plasma  atomic  emission  spectrometry  (Method  200.7)  techniques.  Depending  upon  the 
analytical  method,  treatment  with  acid  or  a  combination  of  acid  with  hydrogen  peroxide 
is  used  to  digest  the  samples.  Sample  preparation  procedures  specific  to  each  analytical 
technique  are  described  in  Methods  200.0,  and  200.7  for  aqueous  samples  (5651)  and 
Methods  3(X)5,  3010,  3020,  3040,  and  3050  for  solid  or  waste  samples.  Quality  control 
samples  should  be  processed  with  the  samples  to  determine  whether  analyte  losses  have 
occurred  during  the  sample  dissolution  procedure  (5652). 
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The  atomic  absorption  techniques  are  probably  the  most  common  procedures 
for  determining  the  concentration  of  zinc  in  water,  soil  and  waste  samples.  Following 
the  appropriate  digestion  of  the  sample,  a  representative  aliquot  of  the  digestate  is 
atomized  by  either  directly  aspirating  it  into  a  flame  or  by  charring  it  in  a  graphite  tube 
furnace.  The  absorption  of  hollow  cathode  or  electrodeless  discharge  lamp  radiation  at 
213.9  nm  will  be  proportional  to  the  zinc  concentration.  The  detection  ranges  are  0.05- 
1  mg/L  and  0.2-4  pg/L  for  the  flame  and  the  furnace  atomic  absorption  techniques, 
respectively.  Precision  and  accuracy  data  for  the  graphite  furnace  technique  are  not 
available  at  this  time.  However,  an  EPA  interlaboratory  study  has  been  performed  to 
document  the  precision  and  accuracy  of  the  flame  atomic  absorption  procedure.  In  the 
analysis  of  six  synthetic  samples  containing  7-310  pg  Zn/L,  the  relative  standard 
deviation  of  results  among  the  laboratories  ranged  from  34  to  1 18%.  The  results 
tended  to  exhibit  a  positive  bias,  particularly  in  the  samples  containing  lower 
concentrations  of  zinc  (5651). 

EPA  has  recently  approved  the  use  of  the  inductively  coupled  plasma  (ICP) 
atomic  emission  method  for  determinin,?;  compliance  with  existing  National  Primary 
(and  Secondary)  Drinking  Water  Regulations  (5653).  The  technique  is  based  upon  the 
simultaneous  or  sequential  multi-element  measurement  of  atomic  emission  of  trace 
metals.  A  preserved  and/or  digested  sample  is  nebulized  to  form  an  aerosol  that  is 
introduced  into  a  high  temperature  plasma  where  atomic  excitation  occurs. 
Characteristic  atomic-line  emission  spectra  are  produced  by  a  radio-frequency 
inductively  coupled  plasma  and  are  dispersed  by  a  grating  spectrometer.  The  line 
intensities,  which  are  a  measurement  of  elemental  concentrations,  are  monitored  by 
photomultiplier  tubes.  Optical  compensation  techniques  are  used  to  correct  for 
spectral  interferences.  In  an  EPA  evaluation  of  the  reproducibility  and  accuracy  of  the 
ICP  method,  the  mean  percent  relative  standard  deviation  for  triplicate  analysis  of  22 
elements  was  found  to  be  9%.  The  mean  percent  recovery  of  spiked  elements  for  all 
waste  samples  was  93%  (5651). 

Aqueous  Detection  Limit  Non-Aqueous  Detection  Limit 

2  pg/L  (Method  200.7)  2  pg/L  (Method  200.7) 

5  pg/L  (Method  289.1)  5  pg/L  (Method  289.1) 

0.05  pg/L  (Method  289.2)  0.05  pg/L  (Method  289.2) 
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COMMON  SYNONYMS: 

CAS.REG.no.;  7440-38-2 

NIOSHNO.:  CG0525000 

Arsenic-75 

EPA  Hazardous  Waste  No.:  0D0O4 

Metallic  arsenic 

K084 

Arsenic  black 

KlOl 

Colloidal  arsenic 

K102 

CHEMICAL  SYMBOL:  As 

REACTIVITY  (400(M003) 


Dust  flammable  when  exposed  to  heat  or  flame.  Mixtures  of  arsenic  with  some 
bromates,  chlorates,  iodates,  fluorides,  nitrates,  permanganates,  carbides,  and  per¬ 
oxides  may  ignite  or  explode  on  contact  or  with  heat,  percussion,  or  sometimes 
light  friction.  Incompatible  with  bromine  azide,  rubidium  acetylide,  bromine  tri¬ 
fluoride,  chlorine,  bromine  pentafluoride,  'hlorine  trifluoride,  nitrogen  trichlo¬ 
ride,  nitrogen  tribromide,  and  dichlorine  oxide.  When  aqueous  solutions  of 
arsenicals  come  in  contact  with  active  metals  such  as  arsenic,  iron,  aluminum,  or 
zinc,  toxic  fumes  including  arsine  may  be  released. 


PHYSICO-CHEMICAL  DATA  (4000) 


•  Atomic  Weight;  74.92 

•  Atomic  Number:  33 

•  Physical  State:  Solid 

•  Color:  Silver-gray 

•  Odor:  Odorless 

•  Odor  Threshold:  NA 

•  Density:  5.727  g/cm’  at  14“  C 

•  Melting  Point:  817“  C  (28  atm) 

•  Boiling  Point:  613“C  (sublimes) 

•  Flash  Point:  ND 

•  Flammable  Limits:  ND 

•  Autoignition  Temperature:  ND 

•  Vapor  Pressure:  1  mm  Hg  at  372“  C 


2 


ARSENIC  -  ELEMENTAL  ARSENIC 


PHYSICO-CHEMICAL  DATA  (4000)  (ConL) 


•  Saturated  Concentration  in  Air:  NA 

•  Solubility  in  Water:  Insoluble 

•  Viscosity:  NA 

•  Surface  Tension:  NA 

•  Log  (Octanol-Wate;  Partition  Cocff.):  NA 

•  Log  K  (Stability  Constant  for  Humic  Acid):  NA 

•  Soil-Water  Distribution  Cocff.:  NA 

•  Henry’s  Law  Constant:  NA 

•  Bioconcentration  Factor:  Freshwater:  20,000  (algae);  9.9-219  (invertebrates); 

7-17  (fish).  Marine:  600-86,000  (algae);  64,000 
(crustaceans);  5000  (fish). 


HANDLING  PRECAUTIONS 


Avoid  breathing  dust  or  fumes  from  fires.  Avoid  eye  or  skin  contact.  Use  gog¬ 
gles,  rubber  gloves,  long  sleeve  coveralls,  and  respirator.  NIOSH  recommends  a 
supplied-air  or  self-contained  breathing  apparatus  with  full  face  mask  and  high- 
efficiency  particulate  filter. 

For  exposures  to  all  inorganic  compounds  containing  arsenic  except  arsine  and 
those  having  a  significant  vapor  pressure  (i.e.,  arsenic  trichloride  and  arsenic 
phosphide),  OSHA  (4013)  has  the  following  respirator  requirements: 


•  slOO  pg/m^ 


•  s500  pg/m^ 


•  ilO  mg/m^ 


•  s20  mg/m^ 


Half-mask  or  air-purifying  respirator  equipped  with  high- 
efficiency  filter  or  any  half-mask  supplied-air  respirator. 

Full  facepiece  air-purifying  respirator  equipped  with  high- 
efficiency  filter  or  any  full  facepiece  supplied-air  respirator  or 
any  full  facepiece  self-contained  breathing  apparatus. 

Powered  air-purifying  respirators  in  all  inlet  face  coverings 
with  high-efficiency  filters  or  half-mask  supplied-air 
respirators  operated  in  positive  pressure  mode. 

Supplied-air  respirator  with  full  facepiece,  hood,  or  helmet 
or  suit  and  operated  in  positive  pressure  mode. 


•  ^20  mg/m^  Any  full  facepiece  self-contained  breathing 
(firefighting)  apparatus  operated  in  positive  pressure  mode. 


ARSENIC  -  ARSANnJCAaD 


75-3 


COMMON  SYNONYMS: 

Arsanilic  acid 
/^-Arsanilic  acid 
4-Arsanilic  acid 
Aminophenylarsine  acid 
Aminophenylarsonic  acid 
p-Aminophenylarsonic  acid 
4-Aininophenyiarsonic  acid 
/7-Anilinearsonic  acid 


CAS.REG.no.:  98-50-0 
NIOSHNO.:  CF7875000 
EPA  Hazardous  Waste  No.:  ND 


CHEMICAL  FORMULA  C.H«AsNO, 


REACTIVITY  (4000) 


When  heated  to  decomposition  or  when  in  contact  with  acids  or  acid  fumes,  it 
emits  highly  toxic  fumes  of  aniline  and  arsenic. 


PHYSICO-CHEMICAL  DATA  (4000) 


Molecular  Weight:  217.04 
Physical  State:  Crystals 
Color:  White 
Odor:  Odorless 
Odor  Threshold:  NA 
Density:  1.9571  g/cm^  at  20®  C 
Melting  Point:  232®  C 
Boiling  Point:  ND 
Flash  Point:  ND 

Flammable  Limits:  Flammable  vapors  above  232®  C 

Autoignition  Temperature:  ND 

Vapor  Pressure:  NA 

Saturated  Concentration  in  Ar:  ND 

Solubility  in  Water:  Slightly  sol.  in  cold  water 

Viscosity:  ND 

Surface  Tension:  NA 

Log  (Octanol-Water  Partition  Coeff.):  ND 

Log  K  (Stability  Constant  for  Humic  Acid):  ND 

Soil- Water  Distribution  Coeff.:  ND 

Henry’s  Law  Constant:  NA 

Bioconcentration  Factor:  ND 


ARSENIC  -  ARSENIC  ACID 


75-5 


COMMON  SYNONYMS: 

CAS.REG.no.:  7778-39-4 

NIOSHNO.:  CG0700000 

Arsenic  acid 

EPA  HAZARDOUS  WASTE  NO.:  POlO 

Orthoarsenic  acid 

D004 

CHEMICAL  FORMULA  HjAsO^ 

REACTIVITY  (400():4()02) 


Will  corrode  metal  and  give  off  toxic  arsine  gas.  Does  not  react  with  water. 
When  aqueous  solutions  of  arsenicals  come  in  contact  with  active  metals  such  as 
arsenic,  iron,  aluminum,  and  zinc,  toxic  gases,  including  arsine,  may  be  released. 


PHYSICO-CHEMICAL  DATA 


•  Molecular  Weight:  141.93  (4000) 

•  Valence:  -1-5  (4001) 

•  Physical  State:  Solid  (4001) 

•  Color:  White  (4001) 

•  Odor:  Odorless  (4002) 

•  Odor  Threshold:  NA 

•  Density:  2.2  g/cm^  at  20*C  (4000) 

•  Melting  Point:  35.5°  C  (4000) 

•  Boiling  Point:  160°  C  (4000) 

•  Rash  Point:  NA 

•  Rammable  Limits:  Not  combustible  (4000) 

•  Autoignition  Temperature:  NA 

•  Vapor  Pressure:  NA 

•  Saturated  Concentration  in  Air:  NA 

•  Solubility  in  Water:  302  g/100  cm^  at  12.5°C  (4001) 

•  Viscosity:  NA 

•  Surface  Tension:  NA 

•  Log  (Octanol- Water  Partition  Coeff.):  NA 


•  Log  K  (Stability  Constant  for  Humic  Acid):  ND 

•  Soil- Water  Distribution  Coeff.:  ND 

•  Henry’s  Law  Constant:  NA 

•  Bioconcentration  Factor:  ND 


75-6 


ARSENIC  -  ARSENIC  ACID 


HANDLING  PRECAUTIONS  (4002) 


Avoid  contact  with  solution,  solid  or  dust  or  use  calamine  lotion  and  zinc  oxide 
powder  on  hands  and  other  skin  areas,  rubber  gloves,  dust  respirator  or  NIOSH 
recommends  a  supplied-air  or  self-contained  breathing  apparatus  with  full  face 
mask  and  high-efficiency  particulate  filter. 

For  exposures  to  all  inorganic  compounds  containing  arsenic  except  arsine  and 
those  having  a  significant  vapor  pressure  (i.e.,  arsenic  trichloride  and  arsenic 
phosphide),  OSH  A  (4013)  has  the  following  respirator  requirements: 

•  ilOO  jig/m^  Half-mask  or  air-purifying  respirator  equipped  with  high- 

efficiency  filter  or  any  half-mask  supplied-air  respirator. 

•  iSOO  pg/m^  Full  facepiece  air-purifying  respirator  equipped  with  high- 

efficiency  filter  or  any  full  facepiece  supplied-air  respirator  or 
any  full  facepiece  self-contained  breathing  apparatus. 

•  s;10  mg/m^  Powered  air-purifying  respirators  in  all  inlet  face  coverings 

with  high-efficiency  filters  or  half-mask  supplied-air  respirators 
operated  in  positive  pressure  mode. 

•  ^20  mg/m^  Supplied-air  respirator  with  full  facepiece,  hood,  or  helmet  or 

suit  and  operated  in  positive  pressure  mode. 

•  2:20  mg/m^  Any  full  facepic  -  ’  self-contained  breathing  apparatus 
(firefighting)  operated  in  positive  pressure  mode. 


ARSENIC  -  ARSENIC  PENTOXIDE 


75 


COMMON  SYNONYMS: 

Arsenic  pentoxide 
Arsenic  (V)  oxide 
Arsenic  acid  anhydride 
Diarsenic  pentoxide 


CAS.REG.no.:  1303-28-2 
NIOSHNO.:  CG2275000 
EPA  Hazardous  Waste  No.:  POl  1 


CHEMICAL  FORMULA:  AsjOj 


REACTIVITY  (4000) 


Thermally  unstable  with  decomposition  occurring  near  the  melting  point  with  the 
release  of  oxygen  and  arsenic  trioxide.  Reacts  violently  with  bromine  pcntafluo- 
ride;  liberates  chlorine  from  hydrogen  chloride.  Combines  very  slowly  with  water 
to  form  H3ASO4.  When  aqueous  solutions  of  arsenicals  come  in  contact  with 
active  metals  such  as  arsenic,  iron,  aluminum,  and  zinc,  toxic  gases,  including 
arsine,  may  be  released. 


PHYSICO-CHEMICAL  DATA  (4000) 


•  Molecular  Weight:  229.84 

•  Valence:  -*-5 

•  Physical  State:  Amorphous  solid 

•  Color:  White 

•  Odor:  ND 

•  Odor  Threshold:  NA 

•  Density:  4.32  g/cm^ 

•  Melting  Point:  Decomposes  at  315°  C 

•  Boiling  Point:  NA 

•  Flash  Point:  ND 

•  Flammable  Limits:  Burns  with  difficulty 

•  Autoignition  Temperature:  ND 

•  Vapor  Pressure:  NA 

•  Saturated  Concentration  in  Ar:  NA 

•  Solubility  in  Water:  150  g/100  ml  at  16°C 

76.7  g/100  ml  at  100°  C 


75-8 


ARSENIC  -  ARSENIC  PENTOXIDE 


PHYSICO-CHEMICAL  DATA  (4000)  (Cont) 


Viscosity:  NA 

Surface  Tension:  NA 

Log  (Octanol-Water  Partition  Coeff.):  NA 

Log  K  (Stability  Constant  for  Humic  Acid):  ND 

Soil-Water  Distribution  Coeff.:  ND 

Henry’s  Law  Constant:  NA 

Bioconcentration  Factor:  ND 


HANDLING  PRECAUTIONS 

Avoid  inhalation  and  contact  with  eyes  or  skin  or  Use  protective  clothing, 
goggles,  gloves,  boots,  and  dust  respirator  or  NIOSH  recommends  a  supplied-air 
or  self-contained  breathing  apparatus  with  full  face  mask  and  high-efficiency  par¬ 
ticulate  filter. 

For  exposures  to  all  inorganic  compounds  containing  arsenic  except  arsine  and 
those  having  a  significant  vapor  pressure  (i.e.,  arsenic  trichloride  and  arsenic 
phosphide),  OSHA  (4013)  has  the  following  respirator  requirements: 

•  ilOO  pg/m^ 

'  Half-mask  or  air-purifying  respirator  equipped  with 
high-efficiency  filter  or  any  half-mask  supplied-air 
respirator. 

•  s500  pg/m^ 

Full  facepiece  air-purifying  respirator  equipped  with 
high-efficiency  filter  or  any  full  facepiece  supplied-air 
respirator  or  any  full  facepiece  self-contained 
breathing  apparatus. 

•  ilO  mg/m’ 

Powered  air-purifying  respirators  in  all  inlet  face 
coverings  with  high-efficiency  filters  or  half-mask 
supplied-air  respirators  operated  in  positive  pressure 
mode. 

•  s20  mg/m’ 

Supplied-air  respirator  with  full  facepiece,  hood,  or 
helmet  or  suit  and  operated  in  positive  pressure  mode. 

•  ^20  mg/m’ 
(firefighting) 

Any  full  facepiece  self-contained  breathing  apparatus 
operated  in  positive  pressure  mode. 

ARSENIC  -  ARSENIC  TRICHLORIDE 


75 


COMMON  SYNONYMS: 

Arsenic  trichloride 
Arsenic  chloride 
Arsenous  trichloride 
Trichloroarsine 


CAS.REG.no.:  7784-34-1 
NIOSHNO.:  CG1750000 
EPA  Hazardous  Waste  No.:  D004 


CHEMICAL  FORMULA  AsCl, 


REACTIVITY  (4015) 


When  in  contact  with  active  metals  such  as  arsenic,  iron,  aluminum,  or  zinc,  or 
when  heated  to  decomposition,  emits  highly  toxic  fumes  of  arsenic.  Decomposed 
by  water  to  form  arsenic  hydroxide  and  hydrogen  chloride. 


PHYSICO-CHEMICAL  DATA 


•  Molecular  Weight:  181.28  (4000) 

•  Valence:  +3  (4000) 

•  Physical  State:  Liquid  or  solid  (4000) 

•  Color:  Pale  yellow  needles  (4015) 

•  Odor:  Acrid  (4000) 

•  Odor  Threshold:  ND 

•  Density;  2.1497  g/cm^  at  25°  C  (4000) 

•  Melting  Point:  -16°C  (4000) 

•  Boiling  Point:  130.2rC  (4000) 

•  Flash  Point:  NA 

•  Flammable  Limits:  Noncombustible  (4015) 

•  Autoignition  Temperature:  NA 

•  Vapor  Pressure:  10  mm  Hg  at  23.5°  C  (4000) 

•  Vapor  density:  6.25  (air =1)  (4000) 

•  Saturated  Concentration  in  Air:  ND 

•  Solubility  in  Water:  1  mole  in  9  moles  water,  (4000) 

•  Viscosity:  ND 

•  Surface  Tension:  ND 

•  Log  (Octanol-Water  Partition  Coeff.):  ND 


•  Log  K  (Stability  Constant  for  Humic  Acid):  ND 

•  Soil-Water  Distribution  Coeff.;  ND 

•  Henry’s  Law  Constant;  ND 

•  Bioconcentration  Factor:  ND 


75-10 


ARSENIC  -  ARSENIC  TRICHLORIDE 


HANDLING  PRECAUTIONS 


May  be  fatal  if  inhaled,  swallowed  or  absorbed  through  the  skin.  Can  cause 
burns  to  the  throat,  eyes  and  skin.  Use  full  protective  clothing,  rubber  gloves 
and  boots,  and  bands  around  legs  and  waist,  and  self-contained  breathing 
apparatus.  NIOSH  recommends  a  supplied-air  or  self-contained  breathing 
apparatus  with  full  face  mask  and  high-efficiency  particulate  filter. 

For  exposures  to  inorganic  arsenic  compounds  having  a  significant  vapor 
pressure  and  capable  of  being  absorbed  rapidly  through  the  skin  (i.e.,  arsenic 
trichloride),  OSHA  (4013)  has  the  following  respirator  requirements: 

•  slOO  pg/m^  Full  facepiece  air-purifying  respirator  equipped  with  high- 

efficiency  filter  and  acid  gas  cartridge  or  full  facepiece  mask 
supplied-air  respirator. 

•  s500  pg/m^  Front  or  back  mounted  full  facepiece  gas  mask  equipped 

with  high-efficiency  filter  and  acid  gas  canister  or  any  full 
facepiece  supplied-air  respirator  or  any  full  facepiece  self- 
contained  breathing  apparatus. 

•  slO  mg/m^  Full  facepiece  supplied-air  respirator  operated  in  positive 

pressure  mode. 

•  ^20  mg/m^  Supplied-air  respirator  with  full  facepiece,  hot)d,  or  helmet 

or  suit  and  operated  in  positive  pressure  mode. 

•  ^20  mg/m^  Any  full  facepiece  self-contained  breathing  apparatus 
(firefighting)  operated  in  positive  pressure  mcxle. 


ARSENIC  -  ARSENIC  TRIOXIDE 


75-11 


COMMON  SYNONYMS: 

CAS.REG.no.:  1327-53-3 

NIOSHNO.:  CG3325000 

Arsenic  trioxide 

EPA  Hazardous  Waste  No.:  P012 

Arsenic  oxide 

Arsenous  acid  anhydride 

Arsenous  acid 

Arsenous  oxide 

CHEMICAL  FORMULA-  As^O, 

White  arsenic 

Arsenolite 

Claudetite 

REACnVlTY  (40004002) 


No  reaction  with  common  materials.  No  reaction  with  water.  Poisonous  gases 
may  be  produced  when  heated.  A  mixture  of  arsenic  trioxide  and  zinc  filings  will 
explode  on  heating.  Incompatible  with  tannic  acid,  infusion  cinchona,  other 
vegetable  astringent  infusions  and  decoctions.  Forms  a  spontaneously  flammable 
mixture  with  sodium  chlorate.  Reacts  with  incandescence  with  hydrogen  fluo¬ 
ride.  Forms  toxic  volatile  halides  in  contact  with  halide  acids.  Forms  volatile 
toxic  arsine  when  reduced  in  acid  solution.  Reacts  violently  with  oxygen  di¬ 
fluoride,  fluorine,  and  chlorine  trifluoride.  Aqueous  solutions  of  arsenicals  in 
contact  with  active  metals  such  as  arsenic,  iron,  aluminum,  and  zinc,  release 
highly  toxic  fumes  including  arsine.  Trivalent  arsenic  in  aqueous  solutions  is 
rapidly  oxidized  at  room  temperature  but  not  at  4®C.  The  rate  of  oxidation  is 
determined  by  the  pH  of  the  solution.  At  pH  levels  of  7.0  and  9.6,  70-90% 
conversion  occurred  within  one  week;  at  pH  4.8  only  25%  conversion  occurred. 


PHYSICO-CHEMICAL  DATA 


•  Molecular  Weight:  197.82  (4(XK)) 

•  Valence:  -f3  (4001) 

•  Physical  State:  Solid  (4000) 

•  Color:  Colorless  crystals,  white  crystalline  powder  (4000) 

•  Odor:  Odorless  (4000) 

•  Odor  Threshold:  NA 

•  Density:  3.7.38  g/cm^  (4000) 

•  Melting  Point:  312.3‘’C  (4000) 

•  Boiling  Point:  465°  C  (4000) 

•  Flash  Point:  NA 

•  Flammable  Limits:  Not  flammable 


(4000) 


75-12 


ARSENIC  -  ARSENIC  TRIOXIDE 


PHYSICO-CHEMICAL  DATA  (ConL) 


•  Autoignition  Temperature:  NA 

•  Vapor  Pressure:  66.1  mm  Hg  at  312®C  (4000) 

•  Saturated  Concentration  in  Air:  NA 

•  Solubility  in  Water:  2.1  g/100  cc  (4001) 

•  Viscosity:  NA 

•  Surface  Tension:  NA 

•  Log  (Octanol-Water  Partition  Coeff.):  ND 

•  Log  K  (Stability  Constant  for  Humic  Acid):  ND 

•  Soil- Water  Distribution  Coeff.:  ND 

•  Henry’s  Law  Constant:  ND 

•  Bioconcentration  Factor:  ND 


ARSENIC  -  ARSENIC  TRIOXEDE 


75-13 


HANDLING  PRECAUTIONS  (400(M002) 


Avoid  contact  with  solid  or  dust.  Use  respirator,  protective  gloves,  eye 
protection,  and  full  protective  overalls.  May  volatilize  in  fires.  NIOSH 
recommends  a  supplied-air  or  self-contained  breathing  apparatus  with  full  face 
mask  and  high-efficiency  particulate  filter. 

For  exposures  to  all  inorganic  compounds  containing  arsenic  except  arsine  and 
those  having  a  significant  vapor  pressure  (i.e.,  arsenic  trichloride  and  arsenic 
phosphide),  OSHA  (4013)  has  the  following  respirator  requirements: 

•  slOO  jig/m*  Half-mask  or  air-purifying  respirator  equipped  with  high- 

efficiency  filter  or  any  half-mask  supplied-air  respirator. 

•  ^500  pg/m^  Full  facepiece  air-purifying  respirator  equipped  with  high- 

efficiency  filter  or  any  full  facepiece  supplied-air  respirator 
or  any  full  facepiece  self-contained  breathing  apparatus. 

•  ilO  mg/m*  Powered  air-purifying  respirators  in  all  inlet  face  coverings 

with  high-efficien<y  filters  or  half-mask  supplied-air 
respirators  operat^  in  positive  pressure  mode. 

•  s20  mg/m*  Supplied-air  respirator  with  full  facepiece,  hood,  or  helmet 

or  suit,  and  operated  in  positive  pressure  mode. 

•  i20  mg/m*  Any  full  facepiece  self-contained  breathing  apparatus 
(firefighting)  operated  in  positive  pressure  mode. 


75-14 


ARSENIC  -  ARSENIC  TRISULFIDE 


COMMON  SYNONYMS: 

CAS.REG.no.:  1303-33-9 

NIOSHNO.:  CG2638000 

Arsenic  trisulfide 

EPA  Hazardous  Waste  No.:  P038 

Arsenic  sulfide 

Arsenous  sulfide 

Arsenic  yellow 

Arsenic  tersulfide 

CHEMICAL  FORMULA  AS2S3 

Arsenic  sesquisulfide 

Diarsenic  trisulfide 

Orpiment 

REACTIVITY  (40004002) 


Does  not  react  with  water.  May  ignite  at  high  temperatures.  When  heated  to 
decomposition  produces  arsine  and  hydrogen  sulfide.  Burns  in  air  to  release 
arsenic  trioxide  and  sulfur  dioxide.  Reacts  with  chlorine  to  form  arsenic  trichlo¬ 
ride  and  sulfur  chloride.  Yields  flammable  hydrogen  sulfide  on  contact  with 
strong  acids.  Reacts  vigorously  with  strong  oxidizing  agents.  When  aqueous 
solutions  of  Arsenic  trisulfide  come  in  contact  with  active  metals  including 
arsenic,  iron,  zinc,  and  aluminum,  toxic  fumes,  including  arsine  are  releas^. 
Trivalent  arsenic  in  aqueous  solutions  is  rapidly  oxidized  at  room  temperature 
but  not  at  4°C.  The  rate  of  oxidation  is  determined  by  the  pH  of  the  solution. 
At  pH  levels  of  7.0  and  9.6,  70-90%  conversion  occurred  within  one  week;  at  pH 
4.8  only  25%  conversion  occurred. 


PHYSICO-CHEMICAL  DATA 


•  Molecular  Weight:  246.00  (4001) 

•  Valence:  -»-3  (4001) 

•  Physical  State:  Solid  (4001) 

•  Color:  Yellow  or  orange  (4001) 

•  Odor:  Odorless  (4000) 

•  Odor  Threshold:  NA 

•  Density:  3.46  g/cm^  (4000) 

•  Melting  Point:  300-325“  C  (4000) 

•  Boiling  Point:  707“ C  (4000) 

•  Flash  Point:  ND 

•  Flammable  Limits:  Not  flammable  (4000) 

•  Autoignition  Temperature:  ND 

•  Vapor  Pressure:  NA 

•  Saturated  Concentration  in  Air:  NA 

•  Solubility  in  Water:  0.00005  g/100  ml  at  18“  C  (4000) 


ARSENIC  -  ARSENIC  TRISULFIDE 


75-15 


PHYSICO-CHEMICAL  DATA  ConL) 


•  Viscosity:  NA 

•  Surfav«  Tension:  NA 

•  Log  (Octanoi-Water  Partition  Coeff.):  ND 

•  Log  K  (Stability  Constant  for  Humic  Acid):  ND 

•  Soil-Water  Distribuli^n  Coeff.:  ND 

•  Henry’s  Law  Constant:  NA 

•  Bioconccntration  Factor:  ND 


HANDLING  PRECAUTIONS  (4000-4002) 


Poisonous  if  inhaled  or  swallowed.  Skin,  eye  and  respiratory  tract  irritant.  Use 
protective  clothing  and  respirator.  NIOSH  recommends  a  supplicd-air  or  self- 
contained  breathing  apparatus  with  full  face  mask  and  high-efficiency  particulate 
filter. 

For  exposures  to  all  inorganic  compounds  containing  arsenic  except  arsine  and 
those  having  a  significant  vapor  pressure  (i.e.,  arsenic  trichloride  and  arsenic 
phosphide),  OSHA  (4013)  has  the  following  respirator  requirements: 

•  slOO  jig/m^  Half-mask  or  air-purilying  respirator  equipped  with  high- 

efficiency  filter  or  Any  half-mask  supplied-air  respirator. 

•  s500  pg/m’  Full  facepiece  air-purifying  respirator  equipped  with 

high-efficiency  filter  or  any  full  facepiece  supplied-air 
respirator  or  any  full  facepiece  self-contained  breathing 
apparatus. 

•  slO  mg/m^  Powered  air-purifying  respirators  in  all  inlet  face 

coverings  with  high-efficiency  filters  or  half-mask  supplied-air 
respirators  operated  in  positive  pressure  mode. 

•  i20  mg/m*  Supplied-air  respirator  with  full  facepiece,  hood,  or 

helmet  or  suit  and  operated  in  positive  pressure  mode. 

•  i20  mg/m*  Any  full  facepiece  self-contained  breathing  apparatus 
(firefighting)  operated  in  positive  pressure  mode. 
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ARSENIC  -  ARSINE 


COMMON  SYNONYMS: 
Arsine 

Arsenic  hydride 
Arsenic  trihydride 


CAS.REG.no.:  7784-42-1 
NIOSHNO.:  CG6475000 
EPA  Hazardous  Waste  No.:  ND 


CHEMICAL  FORMULA  AsH^ 


CONVERSION  FACTORS: 
1  mg/m^  =  0.313  ppm 
1  ppm  =  3.2  mg/m^ 


REACTIVITY  (4000) 


Can  explode  on  contact  with  warm  dry  air.  Burns  with  a  bluish  flame,  releasing 
arsenic  trioxide.  Can  react  vigorously  with  oxidizing  materials.  Moderate  ex¬ 
plosion  hazard  when  exposed  to  chloride,  nitric  acid,  (potassium  plus  ammonia). 
Decomposes  at  300*  C.  Hydrolyses  rapidly  in  water  to  form  arsenic  acids  and 
hydrides.  On  exposure  to  light,  moist  arsine  decomposes  quickly  depositing  shiny 
black  arsenic. 


PHYSICO-CHEMICAL  DATA  (4000) 


Molecular  Weight:  77.93 

Valence:  -3 

Physical  State:  Gas 

Color:  Colorless 

Odor:  Disagreeable  garlic  odor 

Odor  Threshold:  ND 

Density:  2.695  g/cm^ 

Melting  Point:  -117®C 
Boiling  Point:  -55*0 
Flash  Point:  ND 

Flammable  Limits:  Extremely  flammable 

Autoignition  Temperature:  ND 

Vapor  Pressure:  11,000  mm  Hg  at  20®  C 

Saturated  Concentration  in  Ar:  ND 

Solubility  in  Water:  20  ml/100  g  cold  water  at  20°  C 


ARSENIC  -  ARSINE 
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PHYSICO-CHEMICAL  DATA  (Cont) 


•  Viscosity:  101.325  kPa  at  0®C 

•  Surface  Tension:  ND 

•  Log  (Octanol-Water  Partition  Coeff.):  ND 

•  Log  K  (Stability  Constant  for  Humic  Acid):  ND 

•  Soil- Water  Distribution  Coeff.:  ND 

•  Henry’s  Law  Constant:  ND 

•  Bioconcentration  Factor:  ND 


HANDLING  PRECAUTIONS  (4000) 


May  be  fatal  if  inhaled,  swallowed  or  absorbed  through  the  skin.  Contact  results 
in  burns  to  the  eyes  and  skin.  Must  be  stored  in  glass  lined  container.  Use  full 
protective  clothing  and  respirator.  NIOSH  recommends  a  supplied-air  or  self- 
contained  breathing  apparatus  with  full  face  mask  and  high-efficiency  particulate 
niter. 


75-18 


ARSENIC  -  CALCIUM  ARSEN  ATE 


COMMON  SYNONYMS: 

Calcium  arsenate 

Calcium  orthoarsenate 

CAS.REG.no.:  7778-44-1 

NIOSHNO.:  CG0830000 

EPA  Hazardous  Waste  No.:  ND 

CHEMICAL  FORMULA  Ca3(As04)2 

REACnVITY  (400(M002) 


When  heated,  violent  exothermic  reactions  occur  with  the  release  of  ozone. 
Does  not  react  with  water,  but  moisture  and  carbon  dioxide  cause  slow  decom¬ 
position  to  calcium  carbonate  and  dicalcium  hydrogen  arsenate.  Slight  corrosive 
action  with  metals.  Arsenates  are  oxidizing  agents  which  are  reduced  by  strong 
acids  such  as  hydrochloric  acid.  When  aqueous  solutions  of  arsenicals  come  in 
contact  with  active  metals  such  as  arsenic,  iron,  aluminum,  and  zinc,  toxic  gases, 
including  arsine,  may  be  released. 


PHYSICO-CHEMICAL  DATA 

• 

Molecular  Weight;  398.08 

(4000) 

• 

Valence:  -t-5 

(4001) 

• 

Physical  State:  Amorphous  solid 

(4001) 

• 

Color:  White 

(4001) 

• 

Odor:  Odorless 

(4000) 

• 

Odor  Threshold:  NA 

• 

Density:  3.620  g/cm^ 

(4000) 

• 

Melting  Point:  1455®  C 

(4001) 

• 

Boiling  Point:  NA 

• 

Flash  Point:  NA 

• 

Flammable  Limits:  Not  flammable 

(4002) 

• 

Autoignition  Temperature:  NA 

• 

Vapor  Pressure:  NA 

• 

Saturated  Concentration  in  Ar:  NA 

• 

Solubility  in  Water:  0.013  g/100  cm’ 

(4000) 

ARSENIC  -  CALCIUM  ARSENATE 
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PHYSICO-CHEMICAL  DATA  (ConL) 


•  Viscosity:  NA 

•  Surface  Tension:  NA 

•  Log  (Octanol-Water  Partition  Coeff.):  NA 

•  Log  K  (Stability  Constant  for  Humic  Acid):  ND 

•  Soil- Water  Distribution  Coeff.:  ND 

•  Henry’s  Law  Constant:  NA 

•  Bioconcentration  Factor:  ND 


HANDLING  PRECAUTIONS  (40(XM(X)2) 


Avoid  inhalation  and  skin  or  eye  contact.  Use  dust  mask,  goggles  or  face  mask, 
gloves,  and  protective  clothing.  NIOSH  recommends  a  supplied-air  or  self-con¬ 
tained  breathing  apparatus  with  full  face  mask  and  high-efficiency  particulate 
filter. 

For  exposures  to  all  inorganic  compounds  containing  arsenic  except  arsine  and 
those  having  a  significant  vapor  pressure  (i.e.,  arsenic  trichloride  and  arsenic 
phosphide,  OSHA  (4013  has  the  following  respirator  requirements: 


•  ilOO  pg/m^ 


•  i500  pg/m’ 


•  slO  mg/m^ 


•  s20  mg/m^ 


Half-mask  or  air-purifying  respirator  equipped  with 
high-efficiency  filter  or  any  half-mask  supplied-air 
respirator. 

Full  facepiece  air-purifying  respirator  equipped  with 
high-efficiency  filter  or  any  full  facepiece  supplied-air 
respirator  or  any  full  facepiece  self-contained  breathing 
apparatus. 

Powered  air-purifying  respirators  in  all  inlet  face  cover¬ 
ings  with  high-efficiency  filters  or  half-mask  supplied-air 
respirators  operated  in  positive  pressure  mode. 

Supplied-air  respirator  with  full  facepiece,  hood,  or 
helmet  or  suit  and  operated  in  positive  pressure  mode. 


•  220  mg/m’ 
(firefighting) 


Any  full  facepiece  self-contained  breathing  apparatus 
operated  in  positive  pressure  mode. 
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ARSENIC  -  CALCIUM  ARSENITE 


COMMON  SYNONYMS: 

CAS.REG.no.:  27152-57-4 

NIOSHNO.:  CG3380000 

Calcium  arsenite 

EPA  Hazardous  Waste  No.:  ND 

Arsenous  acid,  calcium  salt 

Arsonic  acid,  calcium  salt 

CHEMICAL  FORMULA  AsjO^  Ca 

REACTIVITY  (4000) 


Inorganic  arsenic  compounds  may  react  with  hydrogen  gas  and  produce  arsine. 
Slowly  converted  to  arsenate  by  atmospheric  oxygen. 


PHYSICO-CHEMICAL  DATA  (4000) 


Molecular  Weight:  366.08 

Valence:  +3 

Physical  State:  Solid 

Color:  White 

Odor:  ND 

Odor  Threshold:  ND 

Density:  ND 

Melting  Point:  ND 

Boiling  Point:  ND 

Flash  Point:  ND 

Flammable  Limits:  ND 

Autoignition  Temperature:  ND 

Vapor  Pressure:  NA 

Saturated  Concentration  in  Air:  ND 

Solubility  in  Water:  Slightly  soluble 

Viscosity:  ND 

Surface  Tension:  ND 

Log  (Octanol-Water  Partition  CoefF.):  ND 

Log  K  (Stability  Constant  for  Humic  Acid):  ND 

Soil-Water  Distribution  Coeff.:  ND 

Henry’s  Law  Constant:  NA 

Bioconcentration  Factor:  ND 


ARSENIC  —  CALCIUM  ARSENTTE 
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HANDLING  PRECAUTIONS  (4000) 

Avoid  inhalation  and  skin  or  eye  contact.  Trivalent  arsenic  compounds  cause 
burns  to  the  skin  and  eyes.  Use  protective  clothing,  boots,  gloves,  face  mask, 
and  respirator. 

For  exposures  to  all  inorganic  compounds  containing  arsenic  except  arsine  and 
those  having  a  significant  vapor  pressure  (i.e.,  arsenic  trichloride  and  arsenic 
phosphide),  OSHA  (4013)  has  the  following  respirator  requirements: 

•  slOO  pg/m^ 

Half-mask  or  air-purifying  respirator  equipped  with  high- 
efficiency  filter  or  any  half-mask  supplied-air  respirator. 

•  s500  pg/m^ 

Full  facepiece  air-purifying  respirator  equipped  with  high- 
efficiency  filter  or  any  full  facepiece  supplied-air  respirator 
or  any  full  facepiece  self-contained  breathing  apparatus. 

•  ^10  mg/m^ 

Powered  air-purifying  respirators  in  all  inlet  face  coverings 
with  high-efficiency  filters  or  half-mask  supplied-air 
respirators  operated  in  positive  pressure  mode. 

•  s20  mg/m^ 

Supplied-air  respirator  with  full  facepiece,  hood,  or  helmet 
or  suit  and  operated  in  positive  pressure  mode. 

•  i20  mg/m^ 
(firefighting) 

Any  full  facepiece  self-contained  breathing  apparatus 
operated  in  positive  pressure  mode. 
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ARSENIC  -  CUPRIC  ACETOARSENATE 


COMMON  SYNONYMS: 

Cupric  acetoarsenate 
Copper  acetate  arsenate 
Copper  acetate 
metaarsenate 
Paris  Green 


CAS.REG.no.:  12002-03-8 
NIOSHNO.:  GL6475000 
EPA  Hazardous  Waste  No.:  D004 


CHEMICAL  FORMULA 

Cu(C2H302)2‘3Cu(As02)2  (approx.) 


REACnVITY  (4000) 


Unstable  in  acids,  bases  and  towards  hydrogen  sulfide.  Volatile  arsenic  oxide 
may  be  formed  in  fires.  Decomposes  on  prolonged  heating  in  water.  Decom¬ 
poses  in  the  presence  of  water  and  carbon  dioxide  to  give  phytotoxic  water 
soluble  arsenical  compound. 


PHYSICO-CHEMICAL  DATA  (4000) 


Molecular  Weight:  1013.71 
Physical  State;  Crystalline  powder 
Color:  Green 
Odor:  Odorless 
Odor  Threshold:  NA 
Density:  >1.1  g/cm^  at  20°  C 
Melting  Point:  ND 
Boiling  Point:  ND 
Flash  Point:  ND 

Flammable  Limits:  Not  flammable 

Autoignition  Temperature;  ND 

Vapor  Pressure:  NA 

Saturated  Concentration  in  Air:  NA 

Solubility  in  Water:  Insoluble 

Viscosity:  ND 

Surface  Tension:  ND 

Log  (Octanol-Waler  Partition  Coeff.):  ND 

Log  K  (Stability  Constant  for  Humic  Acid):  ND 

Soil-Water  Distribution  C(x:ff.:  ND 

Henry’s  Law  Constant:  ND 

Bioconcentration  Factor;  ND 


ARSENIC  -  CUPRIC  ACETOARSENATE 
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HANDUNG  PRECAUTIONS  (4000) 


Dusts  may  be  poisonous  if  inhaled  or  swallowed.  May  irritate  the  skin  or  eyes. 
Fire  may  produce  irritating  or  poisonous  gases.  Use  protective  clothing,  goggles 
and  respirator.  For  exposure  to  a^pper  dusts,  OSHA  recommends  dust  and  mist 
respirator  (except  single-use  type)  for  level  of  5.0  mg/m^. 

For  exposures  to  aipper  aceto-arsenite  and  all  inorganic  compounds  containing 
arsenic  except  arsine  and  those  having  a  significant  vapor  pressure  (i.c.,  arsenic 
trichloride  and  arsenic  phosphide),  OSHA  (401.^)  has  the  following  respirator 
requirements: 

•  ilOO  pg/m^  Half-mask  or  air-purifying  respirator  equipped  with  high- 

efficiency  filter  or  any  half-mask  supplied-air  respirator. 

•  s500  pg/m^  Full  facepiece  air-purifying  respirator  equipped  with  high- 

efficiency  filter  or  any  full  facepiece  supplied-air  respirator  or 
any  full  facepiece  self-contained  breathing  apparatus. 

•  slO  mg/m^  Powered  air-purifying  respirators  in  all  inlet  face  coverings 

with  high-efficiency  filters  or  half-mask  supplied-air 
respirators  operated  in  positive  pressure  mcxle. 

•  i20  mg/m^  Supplied-air  respirator  with  full  facepiece,  hood,  or  helmet  or 

suit  and  operated  in  positive  pressure  mode. 

•  i20  mg/m^  Any  full  facepiece  self-contained  breathing  apparatus 
(firefighting)  operated  in  positive  pressure  mode. 
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ARSENIC  -  DIETHYLARSINE 


COMMON  SYNONYMS: 

CAS.REG.no.:  692-42-2 

Diethyl  arsine 

Arsine,  diethyl- 

CHEMICAL  FORMULA  C«H„As 

REACTIVITY  (4000) 


Spontaneously  flammable  in  air. 


PHYSICO-CHEMICAL  DATA  (4000) 


Molecular  Weight:  134.05 
Physical  State:  ND 
Color:  ND 
Odor:  ND 
Odor  Threshold:  ND 
Density:  1.4709  g/cm^ 

Melting  Point:  1.1338°C 

Boiling  Point:  105°  C 

Flash  Point:  ND 

Flammable  Limits:  ND 

Autoignition  Temperature:  ND 

Vapor  Pressure:  ND 

Saturated  Concentration  in  Air:  ND 

Solubility  in  Water:  Slightly  soluble 

Viscosity:  ND 

Surface  Tension:  ND 

Log  (Octanol- Water  Partition  CoefT.):  NA 

Log  K  (Stability  Constant  for  Humic  Acid):  ND 

Soil-Water  Distribution  Coeff.:  ND 

Henry’s  Law  Constant:  NA 

Bioconcentration  Factor:  ND 
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ARSENIC  -  DIMETHYL  ARSENIC  ACID 


COMMON  SYNONYMS: 

Dimethyl  arsenic  acid 

Arsine  oxide, 
hydroxydimethyl- 
Dimethyl  arsinic  acid 

CAS.REG.no.:  75-60-5 

NIOSHNO.:  CH7525000 

EPA  Hazardous  Waste  No.:  ND 

CHEMICAL  FORMULA;  C2H7ASO2 

Hydroxydimethylarsine 

oxide 

Cacodylic  acid 

ANSAR 

PHYTAR 

REACTIVITY  (4000,  4026,  4216) 


Aqueous  solutions  are  mildly  corrosive.  Aqueous  solutions  incompatible  with 
active  metals  such  as  iron,  aluminum,  and  zinc.  Reacts  with  hydrous  oxides  to 
form  insoluble  salts. 


PHYSICO-CHEMICAL  DATA  (4000) 


•  Molecular  Weight:  138.01 

•  Physical  State:  Crystals 

•  Color:  Colorless 

•  Odor:  Odorless 

•  Odor  Threshold:  NA 

•  Density:  1.95  g/cm^ 

•  Melting  Point:  195-1%°  C 

•  Boiling  Point:  ND 

•  Flash  Point:  ND 

•  Flammable  Limits:  ND 

•  Autoignition  Temperature:  ND 

•  Vapor  Pressure:  ND 

•  Saturated  Concentration  in  Air:  ND 

•  Solubility  in  Water:  66  g/100  g 

•  Viscosity:  ND 

•  Surface  Tension:  ND 

•  Log  (Octanol-Water  Partition  Coeff.):  ND 

•  Log  K  (Stability  Constant  for  Humic  Acid):  ND 

•  Soil-Water  Distribution  Coeff.:  ND 

•  Henry’s  Law  Constant:  NA 

•  Bioconcentration  Factor:  ND 


ARSENIC  - 
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ARSENIC  —  DISODIUM  METHANEARSONATE 


COMMON  SYNONYMS: 

CAS.REG.no.:  144-21-8 

NIOSHNO.:  PA2275000 

Disodium 

EPA  Hazardous  Waste  No.:  K084 

methanearsonate 

Disodium  methanearsenate 

Arsonic  acid,  methyl-. 

CHEMICAL  FORMULA:  CH3As03.2Na 

disodium  salt 

REACTIVITY  (4000) 


Non-corrosive  to  iron,  rubber,  and  most  plastics.  Dangerous  when  water  solution 
is  in  contact  with  active  metals  such  as  iron,  aluminum,  or  zinc. 


PHYSICO-CHEMICAL  DATA  (4000) 


Molecular  Weight:  185.95 
Physical  State:  Crystalline  hydrate 
Color:  Colorless  or  white 
Odor:  ND 
Odor  Threshold:  ND 
Density:  1.0  (hydrate) 

Melting  Point:  >355®C 

132- 139*  C  (hexahydrate) 
Boiling  Point:  ND 
Flash  Point:  ND 

Flammable  Limits:  Non-flammable 

Autoignition  Temperature:  ND 

Vapor  Pressure:  ND 

Saturated  Concentration  in  Air:  NA 

Solubility  in  Water:  -1  g/mL 

Viscosity:  NA 

Surface  Tension:  NA 

Log  (Octanol- Water  Partition  Coeff.):  NA 

Log  K  (Stability  Constant  for  Humic  Acid):  ND 

Soil- Water  Distribution  Coeff.:  ND 

Henry’s  Law  Constant:  NA 

Bioconcentration  Factor:  ND 


ARSENIC  -  DISODIUM  METHANEARSON ATE  75-29 


HANDLING  PRECAUTIONS  (4000) 


Slightly  irritating  to  the  skin  and  eyes;  avoid  inhalation  and  skin  contact;  wear 
protective  rubber  or  neoprene  gloves,  goggles,  and  rubber  apron. 
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ARSENIC  -  LEAD  ARSENATE 


COMMON  SYNONYMS: 

Lead  arsenate 

Acid  lead  arsenate 

Lead  orthoarsenate,  di 

CAS.REG.no.:  7784-40-9 

NIOSHNO.:  CG0980000 

EPA  Hazardous  Waste  No.;  D004 

D008 

CHEMICAL  FORMULA  AsH04.Pb 

REACTIVITY  (4000) 


At  about  280°  C  lead  arsenate  is  converted  into  pyroarsenate.  When  subjected 
to  intense  fire  conditions,  will  form  arsenic  and  lead  oxide.  Lead  salts  will  burn 
fiercely  in  contact  with  fluorine.  When  mixed  with  lime,  lime  sulfur,  sulfur,  or 
casein,  arsenite  is  formed.  When  aqueous  solutions  of  arsenicals  come  in  contact 
with  active  metals,  such  as  arsenic,  iron,  aluminum,  zinc,  highly  toxic  fumes  such 
as  arsine  may  be  released. 


PHYSICO-CHEMICAL  DATA 


Molecular  Weight;  347.14 
Valence:  +5 

Physical  State:  Solid,  powder 
Color:  White 
Odor:  Odorless 
Odor  Threshold:  NA 
Density:  5.79  g/cm^ 

Melting  Point:  720°  C  (decomposes) 
Boiling  Point:  ND 
Flash  Point:  NA 

Flammable  Limits:  Not  flammable 
Autoignition  Temperature:  NA 
Vapor  Pressure:  ND 
Saturated  Concentration  in  Air;  ND 


(4214) 

(4001) 

(4000) 

(4000) 

(4000) 

(4000) 

(4000) 


(4000) 


ARSENIC  -  LEAD  ARSENATE 


75 


PHYSICO-CHEMICAL  DATA  (ConL) 


•  Solubility  in  Water:  Insol.  in  cold  water  (4000) 

Slightly  sol.  in  hot  water 

•  Viscosity:  NA 

•  Surface  Tension:  NA 

•  Log  (Octanol-Water  Partition  Coeff.):  NA 

•  Log  K  (Stability  Constant  for  Humic  Acid):  ND 

•  Soil-Water  Distribution  Coeff.:  ND 

•  Henry’s  Law  Constant:  ND 

•  Bioconcentration  Factor:  ND 


HANDLING  PRECAUTIONS  (4000) 


Avoid  inhalation,  and  skin  or  eye  contact.  Can  cause  inflammation  of  the  skin 
and  mucous  membranes.  Use  protective  clothing,  boots,  and  respirator.  NIOSH 
recommends  a  supplied-air  or  self-contained  breathing  apparatus  with  full  face 
mask  and  high-efficiency  particulate  filter. 


For  exposures  to  all  inorganic  compounds  containing  arsenic  except  arsine  and 
those  having  a  significant  vapor  press  ire  (i.e.,  arsenic  trichloride  and  arsenic 
phosphide),  OSHA  (4013)  has  the  following  respirator  requirements: 


•  slOO  pg/m^  Half-mask  or  air-purifying  respirator  equipped  with  high- 

efficiency  filter  or  any  half-mask  supplied-air  respirator. 

•  s:500  pg/m^  Full  facepiece  air-purifying  respirator  equipped  with  high- 

efficiency  filter  or  any  full  facepiece  supplied-air  respirator 
or  any  full  facepiece  self-contained  breathing  apparatus. 


•  slO  mg/m^  Powered  air-purifying  respirators  in  all  inlet  face  coverings 
with  high-efficiency  filters  or  half-mask  supplied-air 
respirators  operated  in  positive  pressure  mode. 


•  s20  mg/m^  Supplied-air  respirator  with  full  facepiece,  hood,  or  helmet 

or  suit  and  operated  in  positive  pressure  mode. 

•  i20  mg/m*  Any  full  facepiece  self-contained  breathing  apparatus 
(firefighting)  operated  in  positive  pressure  mode. 


75-32  ARSENIC  -  METHANEARSONIC  ACID 


COMMON  SYNONYMS: 

CAS.REG.no.:  124-58-3 

NIOSHNO.:  PA1575000 

Methanearsonic  acid 

EPA  Hazardous  Waste  No.:  K031 

Methylarsinic  acid 

Methylarsenic  acid 

Arsonic  acid,  methyl 

CHEMICAL  FORMULA;  CHjAsO, 

REACTIVITY  (4000) 


No  data. 


PHYSICO-CHEMICAL  DATA  (4000) 


•  Molecular  Weight:  139.98 

•  Physical  State:  Crystalline  solid 

•  Color:  White 

•  Odor:  ND 

•  Odor  Threshold:  ND 

•  Density:  ND 

•  Melting  Point:  161®  C 

•  Boiling  Point:  NA 

•  Flash  Point:  ND 

•  Flammable  Limits:  ND 

•  Autoignition  Temperature:  ND 

•  Vapor  Pressure:  NA 

•  Saturated  Concentration  in  Air:  ND 

•  Solubility  in  Water:  Freely  soluble 

•  Viscosity:  NA 

•  Surface  Tension:  NA 

•  Log  (Octanol- Water  Partition  Coeff.):  ND 

•  Log  K  (Stability  Constant  for  Humic  Acid):  ND 

•  Soil- Water  Distribution  Coeff.:  ND 

•  Henry’s  Law  Constant:  ND 

•  Bioconcentration  Factor:  ND 
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ARSENIC  -  PHENYLDICHLOROARSINE 


COMMON  SYNONYMS: 

Phenyldichloroarsine 
Dichlorophenylarsine 
Arsine,  dichlorophenyl 
Arsonous  dichioride, 
phenyl 

Phenyl  dichloroarsine 
Phenylarsinedichloride 


CAS.REG.no.:  6%-28-6 

NIOSHNO.:  CH5425000 

EPA  Hazardous  Waste  No.: 

ND 

CHEMICAL  FORMULA 

C5H5ASCI2 

Decomposed  by  water. 


REACTIVITY  (4000) 


PHYSICO-CHEMICAL  DATA  (4000) 


Molecular  Weight:  222.93 

Physical  State:  Liquid 

Color:  ND 

Odor:  ND 

Odor  Threshold:  ND 

Density:  1.6516  g/cm^  at  19°  C 

Freezing  Point:  -20°  C 

Boiling  Point:  254.4-257.6°  C 

Flash  Point:  ND 

Flammable  Limits:  ND 

Autoignition  Temperature:  ND 

Vapor  Pressure:  0.14  mm  Hg  at  15°C 

Saturated  Concentration  in  Air:  ND 

Solubility  in  Water:  Insoluble 

Viscosity:  ND 

Surface  Tension:  ND 

Log  (Octanol-Water  Partition  Cocff.):  NA 

Log  K  (Stability  Constant  for  Humic  Acid):  ND 

Soil-Water  Distribution  Cocff.:  ND 

Henry’s  Law  Constant:  ND 

Bioconcentration  Factor:  ND 


ARSENIC  —  PHENYLDICHLOROARSINE 
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HANDLING  PRECAUTIONS  (4000) 


May  be  fatal  if  inhaled,  swallowed,  or  absorbed  through  the  skin.  Contact  may 
cause  burns  to  the  eyes  and  skin.  Use  chemical  protective  clothing  and  self- 
contained  breathing  apparatus. 
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ARSENIC  -  POTASSIUM  ARSENATE 


COMMON  SYNONYMS; 

Potassium  arsenate 
Arsenic  acid, 
monopotassium  salt 
Monopotassium  arsenate 
Potassium  hydrogen 
arsenate 

Potassium  dihydrogen 
arsenate 
Macquer’s  salt 


CAS.REG.no.;  7784-41-0 
NIOSHNO.:  CG 1100000 
EPA  Hazardous  Waste  No.;  D004 


CHEMICAL  FORMULA;  KHjAsO* 


REACTIVITY  (4000) 


Dangerous  when  heated  to  decomposition;  releases  toxic  fumes  including  arsine. 
Does  not  react  with  water.  When  aqueous  solutions  of  arsenicals  come  in  con¬ 
tact  with  active  metals  such  as  arsenic,  iron,  aluminum,  and  zinc,  toxic  gases, 
including  arsine,  may  be  released. 


PHYSICO-CHEMICAL  DATA  (4000) 


Molecular  Weight;  180.03 
Valence;  -t-5 

Physical  State;  Crystals  or  powder 
Color;  colorless  or  white 
Odor;  Odorles.s 
Odor  Threshold;  NA 
Density;  2.867  g/cm* 

Melting  Point;  288°  C 
Boiling  Point;  ND 
Flash  Point;  NA 

Flammable  Limits;  Not  flammable 
Autoignition  Temperature;  NA 
Vapor  Pressure;  NA 
Saturated  Concentration  in  Air;  NA 
Solubility  in  Water;  19  g/100  cc 
Viscosity;  NA 


ARSENIC  -  POTASSIUM  ARSENATE 


75 


PHYSICO-CHEMICAL  DATA  (ConL) 


•  Surface  Tension:  NA 

•  Log  (Octanol- Water  Partition  Coeff.):  NA 

•  Log  K  (Stability  Constant  for  Humic  Acid):  ND 

•  Soil-Water  Distribution  Coeff.:  ND 

•  Henry’s  Law  Constant:  NA 

•  Bioconcentration  Factor:  ND 


HANDLING  PRECAUTIONS  (4000) 


Avoid  inhalation  or  skin  and  eye  contact.  Use  protective  clothing,  goggles, 
boots,  gloves,  and  dust  respirator.  NIOSH  recommends  a  supplied-air  or  self- 
contained  breathing  apparatus  with  full  face  mask  and  high-efHciency  particulate 
filter. 


For  exposures  to  all  inorganic  compounds  containing  arsenic  except  arsine  and 
those  having  a  significant  vapor  pressure  (i.e.,  arsenic  trichloride  and  arsenic 
phosphide),  OSHA  (4013)  has  the  following  respirator  requirements: 


•  ilOO  pg/m^ 

•  s500  pg/m^ 

•  slO  mg/m' 

•  i20  mg/m' 

•  i20  mg/m' 
(firefighting) 


Half-mask  or  air-purifying  respirator  equipped  with 
high-efficiency  filter  or  any  half-mask  supplied-air 
respirator. 

Full  facepiece  air-purifying  respirator  equipped  with 
high-efficiency  filter  or  any  full  facepiece  supplied-air 
respirator,  or  any  full  facepiece  self-contained 
breathing  apparatus. 

Powered  air-purifying  respirators  in  all  inlet  face 
coverings  with  high-efficiency  filters  or  half-mask 
supplied-air  respirators  operated  in  positive  pressure 
m^e. 

Supplied-air  respirator  with  full  facepiece,  hood,  or 
helmet  or  suit,  and  operated  in  positive  pressure  mode. 

Any  full  facepiece  self-contained  breathing  apparatus 
operated  in  positive  pressure  mode. 
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ARSENIC  -  POTASSIUM  ARSENTTE 


COMMON  SYNONYMS: 

CAS.REG.no.:  10124-50-2 

NIOSHNO.:  CG3800000 

Potassium  arsenite 

EPA  Hazardous  Waste  No.:  ND 

Arsenous  acid,  potassium 

salt 

Arsonic  acid,  potassium 

CHEMICAL  FORMULA  KAsOj^HAsO, 

salt 

Potassium  metaarsenite 

REACTIVITY  (4000) 


Arsenitcs  of  alkali  metals  in  solution  are  slowly  converted  to  arsenates  by 
atmospheric  oxygen.  Incompatible  with  alkaloidal  salts,  hypophosphites  and 
sulfites  in  acid  solution;  salts  of  iron  and  most  other  heavy  metals;  tannic  acid. 
Decomposes  at  300°  C. 


PHYSICO-CHEMICAL  DATA  (4000) 


Molecular  Weight:  254.8 

Valence:  +3 

Physical  State:  Solid 

Color:  Colorless  crystals,  white  powder 

Odor:  ND 

Odor  Threshold:  NA 

Density:  ND 

Melting  Point:  ND 

Boiling  Point:  ND 

Flash  Point:  NA 

Flammable  Limits:  ND 

Autoignition  Temperature:  NA 

Vapor  Pressure:  NA 

Saturated  Concentration  in  Air: 

Solubility  in  Water:  Soluble 

Viscosity:  NA 

Surface  Tension:  NA 

Log  (Octanol- Water  Partition  Coeff.):  NA 

Log  K  (Stability  Constant  for  Humic  Acid):  ND 

Soil- Water  Distribution  Coeff.:  ND 

Henry’s  Law  Constant:  NA 

Bioconcentration  Factor:  ND 


ARSENIC  -  POTASSIUM  ARSENTTE 
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HANDLING  PRECAUTIONS  (4000) 


Avoid  inhalation  and  skin  or  eye  contact.  Trivalent  arsenic  compounds  cause 
burns  to  the  skin  and  eyes.  Use  protective  clothing,  boots,  gloves,  face  mask, 
and  respirator. 

For  exposures  to  all  inorganic  compounds  containing  arsenic  except  arsine  and 
those  having  a  significant  vapor  pressure  (i.e.,  arsenic  trichloride  and  arsenic 
phosphide),  OSHA  (4013)  has  the  following  respirator  requirements: 

•  slOO  pg/m^  Half-mask  or  air-purifying  respirator  equipped  with  high- 

efficiency  filter  or  any  half-mask  supplicd-air  respirator. 

•  s500  pg/m^  Full  facepiece  air-purifying  respirator  equipped  with  high- 

efficiency  filter  or  any  full  facepiece  supplied-air  respirator 
or  any  full  facepiece  self-contained  breathing  apparatus. 

•  slO  mg/m^  Powered  air-purifying  respirators  in  all  inlet  face  coverings 

with  high-efficiency  filters  or  half-mask  supplied-air 
respirators  operated  in  positive  pressure  mode. 

•  ^20  mg/m^  Supplied-air  respirator  with  full  facepiece,  hood,  or  helmet 

or  suit  and  operated  in  positive  pressure  mode. 

•  i20  mg/m^  Any  full  facepiece  self-contained  breathing  apparatus 
(firefighting)  operated  in  positive  pressure  mode. 
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ARSENIC  -  SODIUM  ARSEN  ATE 


COMMON  SYNONYMS: 

CAS.REG.no.:  7778-43-0 

NIOSHNO.:  CG0875000 

Sodium  arsenate 

EPA  Hazardous  Waste  No.:  ND 

Disodium  arsenate 

Sodium  biarsenate 

CHEMICAL  FORMULA;  Na2HAs04 

No  reaction  with  water.  When  aqueous  solutions  of  arsenicals  come  in  contact 
with  active  metals  such  as  arsenic,  iron,  aluminum,  and  zinc,  toxic  gases,  including 
arsine,  may  be  released. 


PHYSICO-CHEMICAL  DATA  (4000) 


Molecular  Weight:  185.91 
Valence:  +5 
Physical  State:  Solid 
Color:  White 
Odor:  Odorless 
Odor  Threshold:  NA 
Density:  1.87  g/cm^ 

Melting  Point:  57®  C 

Boiling  Point:  Decomposes  at  180*  C 

Flash  Point:  NA 

Flammable  Limits:  Not  flammable 

Autoignition  Temperature:  NA 

Vapor  Pressure:  NA 

Saturated  Concentration  in  Air:  NA 

Solubility  in  Water:  Very  soluble 

Viscosity:  ND 

Surface  Tension:  ND 

Log  (Octanol-Water  Partition  CoePf.):  ND 

Log  K  (Stability  Constant  for  Humic  Acid):  ND 

Soil-Water  Distribution  Coeff.:  ND 

Henry’s  Law  Constant:  ND 

Bioconcentration  Factor:  ND 


ARSENIC  -  SODIUM  ARSENATE 


75^1 


HANDLING  PRECAUTIONS 

Avoid  contact  with  solid  or  dust.  Use  dust  mask,  goggles  or  face  shield,  and 
protective  gloves  (4002). 

For  exposures  to  all  inorganic  compounds  containing  arsenic  except  arsine  and 
those  having  a  significant  vapor  pressure  (i.e.,  arsenic  trichloride  and  arsenic 
phosphide),  OSHA  (4013)  has  the  following  respirator  requirements: 

•  slOO  pg/m* 

Half-mask  or  air-purifying  respirator  equipped  with  high- 
efficiency  filter  or  any  half-mask  supplied-air  respirator. 

•  s500  pg/m’ 

Full  facepiece  air-purifying  respirator  equipp<.:d  with  high- 
efficiency  filter  or  any  full  facepiece  supplied-air  respirator 
or  any  full  facepiece  self-contained  breathing  apparatus. 

•  ilO  mg/m* 

Powered  air-purifying  respirators  in  all  inlet  face  coverings 
with  high-efficiency  filters  or  half-mask  supplied-air 
respirators  operat^  in  positive  pressure  mode. 

•  i,20  mg/m* 

Supplied-air  respirator  with  full  facepiece,  hood,  or  helmet 
or  suit,  and  operated  in  positive  pressure  mode. 

•  i20  mg/m* 
(firefighting) 

Any  full  facepiece  self-contained  breathing  apparatus 
operated  in  positive  pressure  mode. 
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ARSENIC  -  SODIUM  ARSENTTE 


COMMON  SYNONYMS: 

CAS.REG.no.:  7784-46-5 

NIOSHNO.:  CG3675000 

Sodium  arsenite 

EPA  Hazardous  Waste  No.:  ND 

Sodium  metaarsenite 

Arsenious  acid,  sodium 

salt 

CHEMICAL  FORMULA-  NaAsOj 

REACTIVITY  (4002) 


No  reaction  with  water  or  common  materials.  Somewhat  hygroscopic;  absorbs 
carbon  dioxide  from  the  air.  The  arsenites  of  common  alkali  metals  are  slowly 
converted  in  solution  to  arsenates  by  atmospheric  oxygen.  Fire  may  produce 
irritating  or  poisonous  gases. 


PHYSICO-CHEMICAL  DATA 


Molecular  Weight:  130.92 
Valence:  +3 
Physical  State:  Solid 
Color:  White  to  gray 
Odor:  Odorless 
Odor  Threshold:  NA 
Density:  1.87  g/cm^ 

Melting  Point:  615*0 
Boiling  Point:  ND 
Flash  Point:  NA 

Flammable  Limits:  Not  flammable 
Autoignition  Temperature:  NA 
Vapor  Pressure:  NA 
Saturated  Concentration  in  Air:  NA 
Solubility  in  Water:  Freely  soluble 
Viscosity:  NA 


(4000) 

(4001) 

(4001) 

(4000) 

(4002) 

(4000) 

(4000) 


(4002) 


(4000) 


ARSENIC  -  SODIUM  ARSENTTE 
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PHYSICO-CHEMICAL  DATA  (ConL) 


•  Surface  Tension:  NA 

•  Log  (Octanol-Water  Part’tion  Cocff.):  NA 

•  Log  K  (Stability  Constant  for  Humic  Acid):  ND 

•  Soil- Water  Distribution  Coeff.:  ND 

•  Henry’s  Law  Constant:  NA 

•  Bioconcentration  Factor:  ND 


HANDLING  PRECAUTIONS 


Avoid  inhalation  and  skin  or  eye  contact,  "irivalent  arsenic  compounds  cause 
burns  to  the  skin  and  eyes.  Use  protective  clothing,  boots,  gloves,  face  mask, 
and  respirator. 

For  exposures  to  all  inorganic  compounds  containing  arsenic  except  arsine  and 
those  having  a  significant  vapor  pressure  (i.e.,  arsenic  trichloride  and  arsenic 
phosphide),  OSHA  (4013)  has  the  following  respirator  requirements: 

•  slOO  pg/m^  Half-mask  or  air-purifying  respirator  equipped  with  high- 

efficiency  filter  or  any  half-mask  supplied-air  respirator. 

•  s500  pg/m’  Full  facepiece  air-purifying  respirator  equipped  with  high- 

efficiency  filter  or  any  full  facepiece  supplied-air  respirator 
any  full  facepiece  self-contained  breathing  apparatus. 

•  slO  mg/m^  Powered  air-purifying  respi-ators  in  all  inlet  face  coverings 

with  high-efficiency  filters  or  half-mask  supplied-air 
respirators  operat^  in  positive  pressure  m^e. 

•  s20  mg/m^  Supplied-air  respirator  with  full  facepiece,  hood,  or  helmet  or 

suit  and  operated  in  positive  pressure  mode. 

•  ^20  mg/m^  Any  full  facepiece  self-contained  breathing  apparatus 
(firefighting)  operated  in  positive  pressure  mode. 
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ARSENIC  -  SODIUM  CAOODYLATE 


COMMON  SYNONYMS: 

Sodium  cacodylate 
Sodium  dimethyiarsinate 
Sodium  dimethy  larsonate 
Arsinic  acid,  dimethyl-, 
sodium  salt 


CAS.REG.no.:  124-65-2 
NIOSHNO.:  CH7700000 
EPA  Hazardous  Waste  No.:  ND 


CHEMICAL  FORMULA*  OjK^AsOz-Na 


REACTIVITY  (4000) 


PHYSICO-CHEMICAL  DATA  (4000) 


Molecular  Weight:  159.98 

Physical  State:  Crystals  or  powder 

Color:  Colorless  to  light  yellow 

Odor:  None 

Odor  Threshold:  NA 

Density:  ND 

Melting  Point:  200°  C 

Boiling  Point:  ND 

Flash  Point:  ND 

Flammable  Limits:  ND 

Autoignition  Temperature:  ND 

Vapor  Pressure:  ND 

Saturated  Concentration  in  Ar:  ND 

Solubility  in  Water:  2000  g/L  at  15-20°  C 

Viscosity:  NA 

Surface  Tension:  NA 

Log  (Octanol- Water  Partition  Coeff.):  ND 

Log  K  (Stability  Constant  for  Humic  Acid):  ND 

Soil- Water  Distribution  Coeff.:  ND 

Henry’s  Law  Constant:  NA 

Bioconcentration  Factor:  ND 


ARSENIC  -  SODIUM  CAOODYLATE 
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ARSENIC  —  SODIUM  METHANEARSONATE 


COMMON  SYNONYMS: 

CAS.REG.no.:  2163-80-6 

NIOSHNO.:  PA2625000 

Sodium  methanearsonate 

EPA  Hazardous  Waste  No.:  ND 

Methanearsonic  acid, 

sodium  salt 

CHEMICAL  FORMULA  CH^AsOj.Na 

REACTIVITY  (4000) 


Non-corrosive  to  iron,  rubber  and  most  plastics.  Decomposed  by  strong  oxidizing 
and  reducing  agents.  Toxic  gases  may  be  generated  in  fires. 


PHYSICO-CHEMICAL  DATA  (4000) 


Molecular  Weight:  161.96 
Physical  State:  Crystalline  solid 
Color:  White 
Odor:  ND 
Odor  Threshold:  NA 
Density:  1.57  g/cm^ 

Melting  Point:  119°C 
Boiling  Point:  ND 
Flash  Point:  ND 

Flammable  Limits:  Nonflammable 
Autoignition  Temperature:  ND 
Vapor  Pressure:  ND 
Saturated  Concentration  in  Air:  ND 
Solubility  in  Water:  570  g/L  (at  25°  C) 

Viscosity:  NA 
Surface  Tension:  NA 

Log  K  (Stability  Constant  for  Humic  Acid):  ND 
Soil-Water  Distribution  Coeff.:  ND 
Henry’s  Law  Constant:  NA 
BicKoncenlration  Factor:  ND 


ARSENIC  -  SODIUM  METHANEARSONATE  75^7 


HANDLING  PRECAUTIONS  (4000) 


Skin,  eye,  and  respiratory  tract  irritant;  use  protective  rubber  or  neoprene  gloves, 
goggles  or  face  shield  for  eye  protection,  and  rubber  apron. 
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ARSENIC 


PERSISTENCE  IN  THE  SOIL-GROUNDWATER  SYSTEM 


Arsenic  is  strongly  adsorbed  to  soils,  particularly  to  soils  rich  in  hydrous  iron  and 
aluminum  oxides  (4007).  Heavy  soils  such  as  clays,  with  a  high  surface  area  and 
substantial  hydrous  oxide  content,  adsorb  more  arsenic  than  light  sandy  soils. 
Soils  are  generally  considered  a  sink  for  arsenic;  however,  varying  amounts  may 
be  lost  to  the  atmosphere  through  biotransformation  and  volatilization.  A  small 
amount  may  also  be  lost  through  downward  migration  and  transport  to  ground- 
waters.  Estimates  of  soil  half-lives  for  arsenic  comp>ounds  are  6.0  yr  for  arsenite, 
5.6  yr  for  methanearsonic  acid,  5.2  yr  for  cacodylic  acid,  6.5  yr  for  arsenic 
trioxide,  and  about  16  yr  for  lead  arsenate. 


PATHWAYS  OF  EXPOSURE 


The  low  mobility  of  arsenic  in  soils  generally  limits  transport  to  groundwater  and 
thereby  reduces  the  potential  for  exposure  through  the  use  of  groundwater  as  a 
source  of  drinking  water.  The  potential  for  arsenic  to  become  a  groundwater 
contaminant  as  a  result  of  leaching  from  waste  disposal  sites  may  exist  only  under 
very  specific  conditions  (i.e.,  sandy  soils,  moist,  low  oxygen,  reducing  conditions) 
favoring  the  formation  of  the  more  water  soluble  arsenic  species  with  limited 
adsorption  to  soil  particulate  matter.  Deep  groundwaters  are  more  likely  to  have 
a  high  arsenic  content  as  a  result  of  leaching  from  naturally  occurring  arsenic- 
rich  geologic  formations.  The  potential  for  arsenic  exposure  occurring  through 
ingestion  of  foods  grown  on  arsenic-contaminated  soils  is  relatively  low. 

Although  plants  take  up  arsenic,  the  amounts  accumulated  are  generally  only 
slightly  higher  than  those  for  plants  grown  on  noncontaminated  soils.  However, 
because  of  the  ubiquitous  distribution  of  arsenic  in  the  environment,  arsenic  is 
present  in  most  food  products,  although  usually  at  very  low  levels,  and  usually  in 
the  form  of  organic  arsenic  compounds  of  relatively  low  toxicity.  It  has  been 
estimated  that  the  daily  intake  of  arsenic  through  ingestion  ranges  from  30  to 
370  pg/day  and  averages  about  120  pg/day  (4036). 


The  most  likely  sources  of  excessive  exposure  to  arsenic  compounds  occur  in  as¬ 
sociation  with  mining,  smeltering  operations,  chemical  manufacturing,  agricultural 
use  of  arsenic  products,  and  with  the  combustion  of  arsenic-containing  wastes. 
Direct  atmospheric  releases,  or  indirect  releases  following  biotransformation  into 
volatile  organoarsenicals  may  result  in  inhalation  exposures  to  workers  and  to 
residents  living  nearby.  Improper  use  and/or  disposal,  and  leaching  from  waste 
piles  may  also  result  in  contamination  of  surface  waters,  and  in  some  cases  also 
groundwaters. 


ARSENIC 


75^9 


HEALTH  HAZARD  DATA 


The  most  common  immediate  symptoms  of  inorganic  arsenic  poisoning  include: 
nausea,  anorexia,  vomiting,  epigastric  and  abdominal  pain,  and  diarrhea.  Other 
symptoms  that  have  been  reported  are:  constriction  of  the  throat  and  difficulty 
in  swallowing,  edema  of  the  face,  headache,  fatigue,  upper  respiratory  distress 
(cough,  sore  throat,  and  rhinitis),  dermatitis,  and  peripheral  neuropathy  (4110, 
4112).  Arsine  poisoning  may  also  produce  fever,  tachycardia,  and  tachypnea 
(4111).  Organic  arsenic  compounds  such  as  methanearsonates  produce 
symptoms  similar  to  those  caused  by  inorganic  arsenites  and  arsenates  (4088). 
Phenylarsonates  however,  have  more  direct  neurotoxic  effects,  and  may  cause 
loss  of  coordination,  inability  to  control  limb  movements,  ataxia,  blindness,  and 
paralysis  (4001). 

Acute  Toxicity  Studies: 

ORAL: 


lo 

iO.6  mg/kg/day 

Human 

(4001) 

lo 

1-2.5  mg  As^^/kg 

Human 

(4000) 

lo 

5-50  mg/kg 

(arsenic  pentoxide) 

Human 

(4015) 

so 

8  mg/kg 

(arsenic  pentoxide) 

Rat 

(4016) 

50 

15-48  mg  As/kg 

(arsenic  trioxide,  gavage) 

Rat 

(4087) 

50 

145-214  mg  As/kg  (arsenic  trioxide,  diet) 

Rat 

(4087) 

50 

185  mg/kg 

(arsenic  trisulfide) 

Rat 

(4000) 

50 

700-830  mg/kg 

(cacodylic  acid) 

Rat 

(4083) 

SO 

298  mg/kg 

(calcium  arsenate) 

Rat 

(4000) 

50 

>1000  mg/kg 

(disodium  methanearsonate) 

Rat 

(4019) 

50 

80  mg/kg 

(lead  arsenate) 

Rat 

(4000) 

50 

44-216  mg/kg 

(phenylarsonates) 

Rat 

(4001) 

50 

14  mg/kg 

(potassium  arsenate) 

Rat 

(4000) 

SO 

600-2600  mg/kg 

(sodium  cacodylate) 

Rat 

(4083) 

SO 

700  mg/kg 

(sodium  methanearsonate) 

Rat 

(4019) 

iRMAL: 

'so 

52.5  pLAg 

(phcnyldichloroarsinc) 

Rat 

(4000) 

'so 

936  mg/kg 

(arsenic  trisulfide) 

Rat 

(4000) 

75-50 


ARSENIC 


HEALTH  HAZARD  DATA 


Long-Term  Effects: 

Skin  abnormalities  (hyperpigmentation  and  hyperkeratosis),  neurological 
disorders  (peripheral  neuropathy  due  to  inorganic  arsenic  and  encephalopathy 
and  optic  atrophy  by  some  organoarsenicals),  and  vascular  disorders 
(cardiovascular  disease,  Raynaud’s  phenomenon,  and  Blackfoot  disease)  have 
occurred  in  individuals  exposed  to  arsenic  for  long  periods.  Other  effects  re¬ 
ported  n  some  studies  include  pulmonary  damage,  liver  damage,  hematological 
changes,  and  reproductive  abnormalities.  Severe  anemia  is  a  characteristic  fea¬ 
ture  of  chronic  exposure  to  arsine  (4111).  Phenyldichloroarsine  may  suppress 
the  immune  system  (4000). 


Very  limited  human  data  suggest  that  arsenic  may  cause  an  increase  in 
spontaneous  abortions,  reduced  birth  weights,  and  an  increase  in  the  male  to 
female  birth  ratio.  Inorganic  arsenic  compounds  including  sodium  arsenate  and 
sodium  arsenite  are  known  to  be  fetotoxic  and  to  cause  adverse  reproductive  and 
teratogenic  effects  in  laboratory  animals.  Exposure  to  arsenic  results  in 
reabsorptions,  reduced  fetal  weights,  and  malformations  such  as  skeletal 
abnormalities,  eye  defects,  and  exencephaly. 


Genotordcity  Data: 

In  vivo  and  m  vitro  studies  indicate  that  arsenic  causes  increases  in  chromosomal 
aberrations  and  sister  chromatid  exchanges  (SCE)  in  exposed  individuals.  Similar 
results  have  been  reported  in  in  vitro  animal  bioassays.  However,  in  vitro  animal 
tests  for  clastogenicity  have  been  inconclusive.  Arsenic  compounds  are  generally 
nonmutagcnic  or  only  weakly  mutagenic  microbial  test  systems. 


Carcinogenicitv  qassification: 


IRAC  —  Group  1  (sufficient  evidence  in  humans;  limited  evidence 
in  animals)  (4012) 

NTP  -  ND 

EPA  —  Group  A  (oral)  (4008) 

Group  A  (inhalation) 
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AIR  EXPOSURE  LIMITS: 


Standards 

•  OSHA  PEL  (8-hr  TWA): 


•  OSHA  STEL  (15-min): 

•  AFOSH  PEL  (8-hr  TWA): 


•  AFOSH  CL  (15-min): 

Criteria 

•  NIOSH  IDLH  (30-min): 

•  NIOSH  REL  (10-hrTWA): 

•  NIOSH  STEL  ( 1 5-min  ceiling): 

•  ACGIH  TLV®  (8-hr  TWA): 

•  ACGIH  STEL  (15-min): 

WATER  EXPOSURE  LIMITS: 


Drinking  Water  Standards  (4008,  4209) 

•  MCLG  (proposed):  0 

•  MCL:  ND 

EPA  Health  Advisories  and  Cancer  Risk  Leveb 

The  EPA  has  developed  the  following  Health  Advisories  which  provide  specific 
advice  on  the  levels  of  contaminants  in  drinking  water  at  which  adverse  health 
effects  would  not  be  anticipated  (4008). 

•  1-day  (child):  ND 

•  10-day  (child):  ND 

•  longer-term  (child):  ND 

•  longer-term  (adult):  ND 

•  lifetime  (adult):  ND 

•  1  E-04  cancer  risk  level:  .3  pg/L 


Inorganic  arsenic  10  pg  As/m^ 
Organic  arsenic  500  pg  As/m^ 
Arsine  200  pg/m^  (0.05  ppm) 

ND 

Inorganic  arsenic  10  pg  As/m^ 
Organic  arsenic  500  pg  As/m^ 
Arsine  200  pg/m^  (0.05  ppm) 
Arsine  0.15  ppm 


ND 

ND 

Inorganic  arsenic  2  pg  As/m^ 

Arsine  2  pg  As/m^ 

As  and  soluble  compounds  0.2  mg  As/m^ 
ND 
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WHO  Drinkiny  Water  Guideline 

•  A  health-based  guideline  for  drinking  water  of  0.05  mg/L  is  recommended 
for  arsenic  (4001). 

EPA  Ambient  Water  Quality  Criteria 

•  Human  Health 

—  Based  on  the  ingestion  of  contaminated  water  and  aquatic  organisms, 
(lE-05,  lE-06,  lE-07  cancer  risk),  0.02  |ig/L,  0.002  jig/L,  and  0.0002 
^g/L. 

—  Based  on  the  ingestion  of  contaminated  water  only,  (lE-05,  lE-06,  lE-07 
cancer  risk),  0.25  tig/L,  0.025  jig/L,  and  0.0025 

•  Aquatic  Life 

—  Freshwater  species 

Acute  toxicity:  Trivalent  As:  0.36  mg/L  (maximum,  1-hr  average) 
Chronic  toxicity:  Trivalent  As:  0.19  mg/L  (24-hr,  4-day  average) 

—  Saltwater  species 

Acute  toxicity:  Trivalent  As:  0.069  mg/L  (maximum,  1-hr  average) 
Pentavalent  As:  the  lowest  effect  level  at  2.3  mg/L. 

—  Chronic  toxicity:  Trivalent  As:  0.036  mg/L  (24-hr,  4-day  average) 

REFERENCE  DOSES:  f4008I 

•  Inhalation:  ND 

•  Oral:  ND 
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Promulgated  Regulations 
•  Federal  Programs 

Clean  Water  Act  (CWA) 

The  following  arsenic  compounds  have  been  designated  as  hazardous  sub¬ 
stances  and  have  a  reportable  quantity  (RQ)  limit  of  2270  kg  (5000  lbs): 
arsenic  disulfide,  arsenic  pentoxide,  arsenic  trichloride,  arsenic  trioxide, 
arsenic  trisulfide,  and  lead  arsenate.  The  following  arsenic  compounds  are 
also  designated  as  hazardous  substances  and  have  an  RQ  limit  of  454  kg 
(1000  lbs):  calcium  arsenate,  calcium  arsenite,  potassium  arseuate, 
potassium  arsenite,  sodium  arsenate,  and  sodium  arsenite.  Finally,  cupric 
acetoarsenite  is  designated  a  hazardous  substance  with  an  RQ  limit  of  0.454 
kg  (1  lb)  (7015,  7016).  Arsenic  and  arsenic  compounds  are  listed  as  toxic 
pollutants,  subject  to  general  pretreatment  regulations  for  new  and  existing 
sources,  and  to  effluent  standards  and  guidelines  (7017,  7018).  Effluent 
limitations  specific  to  arsenic  have  been  set  in  the  following  point  source 
categories:  inorganic  chemicals  manufacturing  (7019),  nonferrous  metals 
manufacturing  (7020),  steam  electric  power  generating  (7021),  timber 
products  manufacturing  (7022),  ore  mining  and  dressing  (702.3),  and 
electrical  and  electronic  components  (7024).  Effluent  limitations  for  total 
metals  exist  in  the  electroplating  point  source  category  (7025).  Limitations 
vary  depending  on  the  type  of  plant  and  industry. 

Safe  Drinking  Water  Act  (SDWA) 

Arsenic  is  on  the  list  of  83  contaminants  required  to  be  regulated  under 
the  SDWA  Amendments  of  1986  (7050).  Under  the  National  Interim 
Primary  Drinking  Water  Regulations,  the  maximum  contaminant  level 
(MCL)  is  set  at  0.05  mg/L  for  arsenic  in  drinking  water.  This  applies  to 
community  water  systems  (7051).  In  states  with  an  approved  Underground 
Injection  Control  program,  a  permit  is  required  for  the  injection  of  arsenic- 
containing  wastes  designated  as  hazardous  under  RCRA  (7054). 


Resource  Conservation  and  Recovery  Act  (RCRA) 

The  following  arsenic  compounds  are  listed  as  acute  hazardous  wastes  and 
hazardous  waste  constituents  under  RCRA:  arsenic  acid  (#P010),  arsenic 
pentoxide  (#P011),  arsenic  trioxide  (#P012),  diethylarsine  (#P0.38),  and 
dichlorophenylarsine  (#P036)  (7078,  7079).  Dimethylarsinic  acid  (#U1.36) 
is  listed  as  a  toxic  hazardous  waste  (7078).  Waste  streams  from  the 
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following  industries  contain  arsenic  and  are  listed  as  specific  sources  of 
hazardous  wastes:  production  of  the  pesticides  MSMA  and  cacodylic  acid 
(#K031),  coking  operations  (#K060),  wastewater  treatment  sludges  and 
distillation  tar  residues  from  the  production  of  veterinary  pharmaceuticals 
from  arsenic  compounds  (#K084,  #K101),  and  residue  from  the  use  of 
activated  carbon  for  decolorization  in  the  production  of  arsenic-derived 
veterinary  pharmaceuticals  (#K102)  (7076,  7077).  Solid  wastes  containing 
arsenic  are  listed  as  hazardous,  in  that  they  exhibit  the  characteristic 
defined  as  EP  toxicity,  when  the  TCLP  extract  concentration  of  arsenic  is 
equal  to  or  greater  than  5.0  mg/L  (7074).  Arsenic  is  subject  to  land 
disposal  restrictions  when  its  concentration  as  a  hazardous  constituent 
exceeds  designated  levels.  Effective  August  8,  1988,  arsenic-containing 
waste  streams  from  coking  operations  (#K060)  are  prohibited  from  land 
disposal  unless  respective  treatment  standards  or  the  statutory  no  migration 
standards  are  met.  Certain  variances  exist  until  May,  1990  for  the  other 
arsenic  compounds  and  waste  streams  listed  above  as  hazardous  for  which 
treatment  standards  have  not  yet  been  promulgated.  Site-specific  variances 
can  be  obtained  for  soil  and  debris  contaminated  with  hazardous  waste 
(7084).  Effective  August  8,  1990,  liquid  wastes  containing  arsenic  at 
concentrations  greater  than  or  equal  to  500  mg/L  or  having  a  pH  greater 
than  2.0  are  prohibited  from  underground  injection  (7083).  For 
groundwater  protection,  the  maximum  concentration  of  arsenic-containing 
hazardous  waste  allowed  in  groundwater  is  0.05  mg/L  (7080).  Arsenic  is 
included  on  EPA’s  groundwater  monitoring  list.  EPA  requires  that  all 
hazardous  waste  treatment,  storage,  and  disposal  facilities  monitor  their 
groundwater  for  chemicals  on  this  list  when  suspected  contamination  is  first 
detected  and  annually  thereafter  (7082).  Used  oil  that  is  burned  for  energy 
recovery  may  not  contain  greater  than  5  ppm  arsenic  (7067). 

Comprehensive  Environmental  Response  Compensation  and  Liability  Act 
(CERCLA) 

Arsenic  compounds  designated  as  hazardous  substances  under  CERCLA, 
with  a  reportable  quantity  (RQ)  limit  of  0.454  kg  (1  lb)  include:  arsenic, 
arsenic  acid,  arsenic  disulfide,  arsenic  trioxidc,  arsenic  pentoxide,  arsenic 
trichloride,  arsenic  trisulfidc,  diethylarsine,  dimethylarsinic  acid, 
dichlorophcnylarsinc,  calcium  arsenate,  calcium  arsenite,  cupric 
acetoarsenite,  lead  arsenate,  potassium  arsenate,  potassium  arsenite,  sodium 
arsenate,  and  sodium  arsenite.  Reportable  quantities  have  also  been  issued 
for  RCRA  hazardous  waste  streams  containing  arsenic,  but  these  depend 
on  the  concentration  of  the  chemical  in  the  waste  stream  (7064).  Arsenic 
compounds  designated  as  extremely  hazardous  substances  under  SARA 
Title  III  Section  .302  include:  arsenic  pentoxide,  arsenous  oxide,  arsenous 
trichloride,  arsine,  calcium  arsenate,  potassium  arsenite,  sodium  arsenate. 
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and  sodium  arscnite.  Under  Sections  311  and  312,  any  facility  at  which 
these  compounds  are  present  in  an  amount  greater  than  or  equal  to  500 
pounds  or  in  excess  of  their  threshold  planning  quantities,  whichever  is 
lower,  must  notify  state  and  local  emergency  planning  officials.  The 
threshold  planning  quantities  for  these  arsenic  compounds  are:  100  pounds 
for  arsenic  pentoxide,  arsenous  oxide,  and  arsine;  500  pounds  for  arsenous 
trichloride,  calcium  arsenate,  potassium  arsenite,  and  sodium  arscnite; 
and  1000  pounds  for  sodium  arsenate.  If  any  of  these  arsenic  compounds 
are  released  from  a  facility  in  excess  of  their  Reportable  Quantities  (RQs), 
local  emergency  planning  officials  must  be  notified  (7060).  Under  SARA 
Title  III  Section  313,  manufacturers,  processors,  importers,  and  users  of 
arsenic  compounds  must  report  annually,  to  EPA  and  state  officials,  their 
releases  of  this  chemical  to  the  environment  (7059). 

Toxic  Substances  Control  Act  (TSCA1 


Manufacturers,  processors,  or  importers  who  possess  health  and  safety- 
studies  on  diethylarsine  or  phenylarsonous  dichloride  must  submit  them  to 
EPA  (7045). 

Federal  Insecticide.  Funpcidc.  and  Rodcnticide  Act  (TSCA) 

Pesticide  registration  standards  for  arsenic  acid  and  chromated  arscnicals 
have  been  issued  by  EPA  (7004).  The  following  arsenic  compounds  have 
tolerances  established,  under  40CFR180,  when  they  are  used  as  pesticide 
chemicals  in  or  on  raw  agricultural  commodities:  calcium  arsenate,  copper 
arsenate,  lead  arsenate,  orthoarsenic  acid,  and  sodium  arscnite  (7005). 

Occupational  Safety  and  Health  Act  (OSHA) 

Employee  exposure  to  organic  arsenic  shall  not  exceed  an  8-hour  time- 
weighted  average  (TWA)  of  0.5  mg/m^  Employee  exposure  to  arsine  shall 
not  exceed  an  8-hour  time-weighted  average  (TWA)  of  0.05  ppm  or  0.2 
mg/m^  (7000).  Employee  exposure  to  inorganic  arsenic  shall  not  exceed  an 
8-hour  time-weighted  average  (TWA)  of  10  /ig/m^.  Respirator  use  is 
required  where  employee  exposure  exceeds  this  permissible  exposure  limit. 
29CFR1910.1018  lists  extensive  reporting,  record  keeping,  compliance, 
training,  and  protective  clothing/  work  practice  requirements  for  inorganic 
arsenic  (7001).  Any  substance  or  waste  defined  as  hazardous  under 
RCRA,  CERCLA  or  HMTA  is  subject  to  the  amended  Hazardous  Waste 
Operations  and  Emergency  Response  standard  listed  under 
29CFR 1910. 120,  effective  March  6,  1990.  The  standard  is  applicable  to  any 
clean-up  operations  at  uncontrolled  hazardous  waste  sites  being  cleaned-up 
under  government  mandate,  certain  hazardous  waste  treatment,  storage. 
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and  disposal  operations  conducted  under  RCRA,  and  any  emergency 
response  to  incidents  involving  hazardous  substances.  The  standard  lists 
employee  protection  requirements  during  initial  site  characterization 
analysis,  monitoring  activities,  materials  handling  activities,  training,  and 
emergency  response  requirements  (7003). 

Clean  Air  Act  (CAA) 

Inorganic  arsenic  has  been  designated  a  hazardous  air  pollutant  under 
Section  112  of  the  Clean  Air  Act  (7011).  Detailed  national  emission 
standards  for  inorganic  arsenic  emissions,  including  emission  limits  and 
monitoring,  reporting,  and  record  keeping  requirements,  exist  at 
40CFR61. 160-165  for  glass  manufacturing  plants,  at  40CFR61. 170-177  for 
primary  copper  smelters,  and  at  40CFR61. 180-1^  for  arsenic  trioxide  and 
metallic  arsenic  production  facilities  (7012,  7013,  7014). 

Hazardous  Materiab  Transportation  Act  (HMTA) 

The  Department  of  Transportation  has  designated  the  following  arsenic 
compounds  as  hazardous  materials,  subject  to  requirements  for  packaging, 
labeling  and  transportation:  arsenic,  arsenic  acid,  arsenic  disulfide,  arsenic 
pentoxide,  arsenic  trichloride,  arsenic  trioxide,  arsenic  trisulfide, 
diethylarsine,  calcium  arsenate,  calcium  arsenite,  cupric  acetoarsenite, 
dichlorophenylarsine,  hydroxydimethylarsine  oxide,  lead  arsenate,  potassium 
arsenate,  potassium  arsenite,  sodium  arsenate,  and  sodium  arsenite.  All 
these  compounds  have  a  reportable  quantity  (RQ)  limit  of  0.454  kg  (1  lb) 
(7010). 

Marine  Protection.  Research,  and  Sanctuaries  Act  (MPRSA) 

Ocean  dumping  of  organohalogen  compounds  as  well  as  the  dumping  of 
oils  or  known  or  suspected  carcinogens,  mutagens,  or  teratogens  is  pro¬ 
hibited  except  when  they  are  present  as  trace  contaminants.  Permit  ap¬ 
plicants  are  exempt  from  these  regulations  if  they  can  demonstrate  that 
such  chemical  constituents  are  non-toxic  and  non-bioaccumulative  in  the 
marine  environment  or  are  rapidly  rendered  harmless  by  physical,  chemical 
or  biological  processes  in  the  sea  (7009). 

Food.  Drug,  and  Cosmetic  Act  (FDCA) 

The  level  for  arsenic  in  bottled  drinking  water  is  0.05  mg/L.  This  level  is 
identical  to  the  maximum  contaminant  level  (MCL)  given  under  the  Safe 
Drinking  Water  Act  (7070). 

State  Water  Prograins 

ALL  STATES 

All  states  have  adopted  EPA  Ambient  Water  Quality  Criteria  and 
NPDWRs  (see  Water  Exposure  Limits  section)  as  their  promulgated  state 
regulations,  either  by  narrative  reference  or  by  relisting  the  specific 
numeric  criteria.  The  following  states  have  promulgated  additional  or  more 
stringent  criteria: 
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DISTRICT  OF  COLUMBIA 

The  District  of  Columbia  has  set  an  aquatic  life  criterion  of  0.09  mg/L  for 
total  recoverable  arsenic  in  class  C  surface  waters,  and  a  human  health 
criterion  of  0.000002  mg/L  for  total  recoverable  arsenic  in  class  D  (public 
water  supply)  surface  waters  (7121). 


Proposed  Regulations 

•  Federal  Programs 

Comprehensive  Environmental  Response,  Compensation,  and  Ljabih'ty  Act 
(CERCLA) 

EPA  has  proposed  that  arsine,  listed  as  an  extremely  hazardous  substance 
under  SARA,  be  listed  as  a  CERCLA  hazardous  substance,  with  a 
reportable  quantity  (RQ)  of  0.454  kg  (1  lb).  Final  action  on  this  rule  is 
expected  by  September,  1990  (7065,7066). 

•  State  Water  Programs 

Most  states  are  in  the  process  of  revising  their  water  programs  and 
proposing  changes  in  their  regulations  which  will  follow  EPA's  changes 
when  they  become  final.  Contact  with  the  state  officer  is  advised.  Changes 
are  projected  for  1990-91  (7058). 

MINNESOTA 

Minnesota  has  proposed  a  water  quality  criterion  of  0.01  mgL  for  class  I 
surface  waters  (lA,  IB,  and  IC)  (7128). 

MISSISSIPPI 

Mississippi  has  proposed  a  water  quality  criterion  of  0.0175  mg/L  for 
trivalent  arsenic  in  surface  waters  classed  for  public  water  supply  (7122). 


58 


ARSENIC 


I 


REGULATORY  STATUS  (as  of  Ol-MAR-90)  (Cont) 


EEC  Directives 


Directive  on  Drinking  Water  (7086) 

The  mandatory  values  for  total  arsenic  in  surface  water  treatment  categories 
Al,  A2  and  A3  used  or  intended  for  abstraction  if  drinking  water  are  0.05 
mg^  and  0.01  respectively.  Guideline  values  for  categories  Al  and  A3  are 
0.01  mg/L  and  0.05  mg/L,  respectively.  No  guideline  value  is  given  for 
treatment  category  A2. 

Directive  on  Bathing  Water  Quality  (7087) 

No  mandatory  value  or  guideline  value.,  are  given  for  arsenic.  When 
inspection  of  the  bathing  area  shows  that  concentrations  of  arsenic  may  be 
present  or  that  the  quality  of  the  water  has  deteriorated,  concentrations 
should  be  checked  by  competent  authorities. 

Directive  on  Discharge  of  Dangerous  Substances  (7088) 

Arsenic  cannot  be  discharged  into  inland  surface  waters,  territorial  waters  or 
internal  coastal  waters  without  prior  authorization  from  member  countries 
which  issue  emission  standards.  A  system  of  zero-emission  applies  to 
discharge  of  the  substances  into  ground  water. 

Directive  on  the  Quality  of  Shellfish  Waters  (7090) 

The  mandatory  specifications  for  arsenic  specify  that  the  concentration  of 
each  substances  in  the  shellfish  water  or  in  the  shellfish  flesh  must  not  reach 
or  exceed  a  level  which  has  harmful  effects  on  the  shellfish  and  larvae.  The 
synergistic  effects  of  other  metals  must  be  taken  into  consideration.  The 
guideline  specifications  state  that  the  concentration  of  arsenic  in  shellfish 
must  be  so  limited  that  it  contributes  to  the  high  quality  of  shellfish  product. 

Directive  Relating  to  the  Quality  of  Water  Intended  for  Human  Consumption 
(7092) 

No  guide  level 's  given  fo*"  arsenic. 

Directive  on  Toxic  and  Dangerous  Wastes  (7093) 

Any  installation,  establishment,  or  undertaking  which  produces,  holds  and/or 
disposes  of  certain  toxic  and  dangerous  wastes  including  arsenic  and  arsenic 
compounds  shall  keep  a  record  of  the  quantity,  nature,  physical  and  chemical 
characteristics  and  origin  of  such  wastes,  and  of  the  methods  and  sites  used 
for  disposing  of  such  waste. 
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Directive  on  Drinking  Water  (7086) 

The  mandatory  values  for  total  arsenic  in  surface  water  treatment  categories 
Al,  A2  and  A3  used  or  intended  for  abstraction  if  drinking  water  are  0.05 
mg/L  and  0.01  respectively.  Guideline  values  for  categories  aI  and  A3  are 
0.01  mg/L  and  0.05  mg/L,  respectively.  No  guideline  value  is  given  for 
treatment  category  A2. 

Directive  on  Bathing  Water  Quality  (7087) 

No  mandatory  value  or  guideline  values  are  given  for  arsenic.  When 
inspection  of  the  bathing  area  shows  that  concentrations  of  arsenic  may  be 
present  or  that  the  quality  of  the  water  has  deteriorated,  concentrations 
should  be  checked  by  competent  authorities. 

Directive  on  Discharge  of  Dangerous  Substances  (7088) 

Arsenic  cannot  be  discharged  into  inland  surface  waters,  territorial  waters  or 
internal  coastal  waters  without  prior  authorization  from  member  countries 
which  issue  emission  standards.  A  system  of  zero-emission  applies  to 
discharge  of  the  substances  into  ground  water. 

Directive  on  the  Quality  of  Shellfish  Waters  (7090) 

The  mandatory  specifications  for  arsenic  specify  that  the  concentration  of 
each  substances  in  the  shellfish  water  or  in  the  shellfish  flesh  must  not  reach 
or  exceed  a  level  which  has  harmful  effects  on  the  shellfish  and  larvae.  The 
synergistic  effects  of  other  metals  must  be  taken  into  consideration.  The 
guideline  specifications  state  that  the  concentration  of  arsenic  in  shellfish 
must  be  so  limited  that  it  contributes  to  the  high  quality  of  shellfish  product. 

Directive  Relatine  to  the  Oualitv  of  Water  Intended  for  Human  Consumption 


(7092) 

No  guide  level  is  given  for  arsenic. 

Directive  on  Toxic  and  Dangerous  Wastes  (7093) 

Any  installation,  establishment,  or  undertaking  which  produces,  holds  and/or 
disposes  of  certain  toxic  and  dangerous  wastes  including  arsenic  and  arsenic 
compounds  shall  keep  a  record  of  the  quantity,  nature,  physical  and  chemical 
characteristics  and  origin  of  such  wastes,  and  of  the  methods  and  sites  used 
for  disposing  of  such  waste. 

Directive  on  the  gassification.  Packaging  and  Labeling  of  Dangerous 
Substances  (7095) 

Arsenic  is  classified  as  a  toxic  substance  and  is  subject  to  packaging  and 
labeling  regulations.  Arsenic  may  contain  a  stabilizer.  If  the  stabilizer 
changes  the  dangerous  properties  of  this  substance,  substance  should  be 
labeled  in  accordance  to  rules  in  Annex  I  and  EEC/884/490,  July  22,  1989. 
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REGULATORY  STATUS  (as  of  Ol-MAR-90)  (Cont) 


Directive  on  the  Combatinp  of  Air  Pollution  From  Industrial  Plante  (7104) 
Arsenic  and  arsenic  compounds  are  considered  heavy  metals  and  are 
classified  as  polluting  substances  in  Annex  II  of  this  directive.  This  directive 
requires  member  states  to  ensure  that  the  types  of  industrial  plans  listed  in 
Annex  I  receive  authorization  before  operation  or  substantial  alteration. 
Industrial  plants  which  produce  or  use  cadmium  or  cadmium  compounds  for 
its  operation  must  require  prior  authorization  by  the  competent  authorities. 
An  authorization  may  be  issued  only  when  competent  authority  is  satisOed 
that:  (1)  all  appropriate  preventive  measures  against  air  pollution  have  been 
taken;  (2)  the  use  of  the  plant  should  not  cause  significant  air  pollution, 
particularly  from  the  emission  of  substances  in  Annex  II;  and  all  air  quality 
limit  values  applicable  taken  into  account. 

Directive  on  Major  Acddent  Hazards  of  Certain  Industrial  Activities  (7100) 
Arsenic  pentoxide,  arsenic  trioxide  and  arsenic  hydride  manufacturers  are 
required  to  notify  competent  authorities  if  it  is  stored  or  processed  in 
quantities  in  excess  of  599  kg  for  arsenic  pentoxide;  100  kg  for  arsenic 
trioxide  and  10  kg  for  arsenic  hydride,  respectively.  If  a  major  accident 
occurs,  authorities  must  be  provided  with  the  circumstances  of  the  accident, 
substances  involved,  emergency  measures  taken,  and  the  data  available  for 
assessing  the  effects  on  man  and  the  environment. 


EEC  Directives  -  Proposed 

Proposal  for  a  Council  Directive  on  the  Dumping  of  Waste  at  the  Sea  (7099) 
EEC  has  proposed  that  dumping  of  arsenic  and  arsenic  compounds  at  the  sea 
shall  be  not  Ik  prohibited,  without,  in  each  case,  prior  issue  of  a  special 
permit  by  the  competent  authorities. 


EEC  Directives  -  Decisions 

EEC  Council  Decision  on  the  Convention  On  Marine  Pollution  Fmm  T.and- 
Based  Sources  (7105) 

The  convention  provides  steps  to  be  taken  in  preventing  pollution  of  the 
North  East  Atlantic  and  The  North  Sea  from  land-based  sources.  These  steps 
apply  to  three  substances  listed  in  Annex  A  Part  I  substances  include 
persistent  chemical  families  or  materials  must  be  eliminated;  Part  II 
substances,  includes  arsenic  and  its  compounds  which  seem  less  noxious  or  are 
more  readily  rendered  harmless  by  natural  processes.  Discharges  must  be 
subject  to  approval  by  representatives  of  the  contracting  party. 
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7S.1  MAJOR  USES 

Arsenic  compounds  are  important  industrial  and  agricultural  chemicals.  Arsenic 
trioxide  is  used  primarily  in  the  manufacture  of  pressed  and  blown  glass  and  in  the 
synthesis  of  other  commercially  useful  arsenic  compounds.  Monosodium  methane 
arsenate  and  disodium  methane  arsenate  are  used  as  herbicides,  and  cacodylic  acid 
(hydroxydimethylarsine  oxide)  has  been  used  as  a  herbicide  and  defoliant.  Chromatcd 
copper  arsenate,  ammoniacal  copper  arsenate,  and  fluor  chrome  arsenate  phenol  have 
been  used  as  wood  preservatives.  Arsenic  acid  has  been  used  as  an  agricultural  desic¬ 
cant.  Sodium  arsenite,  lead  arsenate,  sodium  arsenide,  and  calcium  arsenate  have  been 
used  as  pesticides,  but  such  use  has  declined  in  recent  years.  Arsenic  compounds  arc 
also  important  in  the  electronics  industry  (particularly  gallium  arsenide  and  its  alloys), 
as  feed  additives  for  poultry,  as  corrosion  inhibitors  and  catalysts,  and  in  the 
manufacture  of  pharmaceuticals.  Chlorinated  organic  arsenic  compounds  such  as 
mustard  gas  have  been  used  as  chemical  weapons.  As  of  198.^,  total  annual  U.S. 
industrial  and  agricultural  demand  for  arsenic  was  about  13,600  metric  tons  (4004). 


75.2  ENVIRONMENTAL  FATE  AND  EXPOSURE  PATHWAYS 

Arsenic  is  released  into  the  environment  from  both  natural  and  anthropogenic 
sources.  The  most  important  natural  sources  include  volcanic  activity,  weathering  of 
the  earth’s  crust,  and  releases  from  the  terrestrial  biosphere  (4024;  ^17).  Major 
anthropogenic  sources  of  arsenic  include  fossil  fuel  combustion,  agricultural  burning, 
waste  incineration,  mining  and  smelter  operations,  chemical  manufacturing  industries, 
and  the  use  of  pesticides  and  wood  preservatives.  Total  atmospheric  arsenic  emissions 
from  both  natural  and  anthropogenic  sources  have  been  estimated  to  be  73,000  tons 
per  year  (4017). 

Arsenic  occurs  primarily  in  three  oxidation  or  valence  states,  -3,  +3,  and  +5. 
The  predominant  form  is  pentavalent  (+5)  arsenic  as  exemplified  by  compounds  such 
as  arsenic  acid  (H3ASO4),  arsenic  pentoxide  (AS2O5),  calcium  arsenate  (Ca3(As04)2), 
and  sodium  arsenate  (Na2HAs04).  The  +3  form  occurs  in  such  compounds  as  arsenic 
trioxide  (AS2O3),  arsenic  trisulfide  (AS2S3),  arsenic  trichloride  (ASCI3),  sodium  arsenite 
(NaAs02),  and  potassium  arsenite  (ASH3O3.XK).  The  -3  valence  state  occurs  in  arsine 
(ASH3). 


In  the  environment  arsenic  cycles  through  different  physicochemical  forms  as  a 
result  of  various  abiotic  and  biotic  processes  such  as  oxidation-reduction  reactions, 
methylation-demethylation,  and  adsorption  and  precipitation  (4025).  Under  aerobic 
conditions,  oxidized  species  are  favored.  Under  anaerobic  conditions,  reduced  species 
predominate.  The  most  common  mobile  forms  of  arsenic  are  complex  anions  As02', 
HAs04^',  H2As03'  (4018).  In  biological  systems,  both  oxidation  and  reduction 
reactions  may  occur.  In  some  microorganisms,  inorganic  arsenic  is  alkylated  and 
reduced  to  volatile  alkylarsine  compounds  which  may  then  be  released  to  the 
environment  where  they  can  be  reoxidized.  Mcthylation  can  occur  under  cither  aerobic 
or  anaerobic  conditions.  Other  microorganisms  may  be  responsible  for  oxidation  reac¬ 
tions  and  demcthylation.  In  addition,  some  marine  organisms,  including  algae. 
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invertebrates  and  fish,  synthesize  highly  complex  organoarsenic  compounds.  Adsorp¬ 
tion  and  coprecipitation  onto  particulate  matter  and  coprecipitation  with  metal-ion 
complexes  are  the  major  environmental  transport  processes  operating  in  water  and 
soils. 


Because  of  the  various  physicochemical  and  biological  processes  which  cycle 
arsenic  through  the  environment,  arsenic  compounds  are  found  in  all  environmental 
media  and  are  also  present  in  most  species  of  plants  and  animals.  In  biological  systems, 
arsenic  usually  occurs  in  organic  compounds  of  relatively  low  toxicity.  Background 
arsenic  levels  in  humans  average  0.3  ppm,  with  the  highest  levels  occurring  in  the  hair 
and  nails  (4006). 

75.2.1  Transport  in  Soil/Ground-watcr  Systems 
75.Z1.1  Overview 

Arsenic  occurs  in  soils  as  a  result  of  natural  and  man-made  processes.  Natural 
background  levels  of  arsenic  in  soils  range  from  1  to  5  ppm,  but  may  be  as  high  as  40 
ppm  (4007).  Anthropogenic  activities,  such  as  disposal  of  waste  materials  from  mining 
operations,  combustion  of  fossil  fuels,  smelting  of  ores,  and  application  and  disposal  of 
arsenic-based  pesticides  may  considerably  enhance  soil  concentrations  of  arsenic  in 
specific  areas.  Soil  concentrations  greater  than  10,000  ppm  have  been  reported  near 
smelters,  and  concentrations  greater  than  1,000  ppm  have  been  reported  in  areas  where 
inorganic  arsenic  pesticides  have  been  used  (4007). 

Although  soils  are  generally  considered  a  sink  for  arsenic,  substantial  amounts 
of  arsenic  can  be  lost  to  the  atmosphere  through  biotransformation  and  volatilization. 

A  smalt  amount  may  also  be  lost  through  downward  migration  and  transport  to 
groundwaters. 

75.2.1.2  Sorption  on  Soils 

Inorganic  arsenic  is  adsorbed  strongly  to  soils,  particularly  those  rich  in  hydrous 
iron  and  aluminum  oxides  (4007,  4026).  Adsorption  is  also  affected  by  soil  pH,  texture, 
organic  carbon,  and  time  of  reaction  (4210).  i'^j^nic  can  also  form  insoluble  precipi¬ 
tates  with  calcium,  sulfur,  aluminum,  iron  and  barium,  although  these  reactions  are 
generally  slow  (4210).  Heavy  soils  such  as  clays  with  a  high  surface  area  and  substantial 
hydrous  oxide  content  retain  more  arsenic  than  light  sandy  soils.  Therefore,  arsenic 
will  be  more  mobile  in  sandy  soils,  particularly  at  higher  pH  levels  (4025). 

In  tests  with  Na2HAs04  and  micaceous  mineral  colloids  (muscovite  and  biotite), 
Huang  (4212)  measured  adsorption  levels  of  408  and  432  pg/g.  In  both  cases  adsorp¬ 
tion  levels  increased  when  the  particle  size  was  decreased  from  2-5  pm  to  <0.08  pm. 

The  mobility  of  trivalent  (As'^^)  and  pentavalent  (As"^*)  arsf*nic  through  sand 
columns  was  studied  by  Gulens  et  al.  (4211).  Elution  water  of  different  redox  poten¬ 
tials  was  used  in  the  tests.  In  an  oxidizing  environment  (pH  5.7),  was  eluted  5  to 
6  times  faster  and  in  greater  quantities  than  As^^.  Under  neutral  oxidizing  conditions 
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(pH  6.9),  elution  of  both  species  was  rapid,  but  recovery  was  low  (i.e.,  50%  for  As"^^ 
and  5%  for  As"^*).  Under  reducing  conditions  at  pH  8.3,  elution  of  both  species  was 
rapid  and  recovery  was  very  high  (i75%). 

Studies  on  the  adsorption  of  and  As*^  on  amorphous  Fe(OH)3  at  different 
pH  levels  have  shown  that  the  adsorption  of  As"^^  is  not  affected  by  pH,  while  adsorp¬ 
tion  of  As"*^*  decreases  as  pH  is  increased  (4210,  4213). 

Organic  arsenic  compounds  can  also  be  adsorbed  onto  clay  soils  and  form  com¬ 
plexes  with  hydrous  oxides,  however,  these  complexes  are  generally  more  water  soluble 
than  the  inorganic  arsenic  complexes.  Adsorption  onto  clay  soils  varies  with  the  type  of 
mineral  present  and  the  particle  size.  Kaolinite  removed  more  disodium  methanear- 
sonate  from  solution  than  did  vermiculite,  and  smaller  size  particles  of  Augusta  silt 
loam  removed  larger  percentages  of  methanearsonic  acid  from  solution  than  larger 
particles  (4026).  No  leaching  of  disodium  methanearsonate  occurred  in  Decatur  clay 
loam,  but  52%  was  recovered  from  Norfolk  loamy  sand  (4026). 

Arsenic  competes  with  phosphates  for  soil  adsorption  sites.  Consequently,  the 
application  of  phosphates  to  arsenic-containing  soil  will  result  in  the  release  of  soluble 
arsenic,  and  thus  may  allow  for  the  downward  transport  of  the  arsenic  into 
groundwaters  (4005).  In  landfill  leachate  experiments,  arsenic  (H2As02‘')  was  found  to 
relatively  immobile;  less  mobile  than  zinc  or  cadmium  in  acid  soils  and  less  mobile  than 
chromium  in  neutral  to  alkaline  soils  (4005). 

75.2.13  Volatilization  firom  Soils 

Arsenic  present  in  or  applied  to  soils  can  be  lost  through  the  volatilization  of 
alkylarsine  compounds  produced  through  microbial  activity.  Dimethylarsine  and 
trimethylarsine  are  two  of  the  more  common  akylarsines  released  from  soils.  Such 
alkylarsines  are  not  stable  and  would  be  subject  to  oxidation  and  recycling  to  the  soil 
environment. 

Woolson  (4027)  reviewed  several  field  and  laboratory  studies  to  determine  rates 
of  transformation  and  loss  of  arsenic  from  soils.  Daily  loss  rates  averaged  0.030%  for 
soils  treated  with  arsenite,  0.032%  for  soils  treated  with  methanearsonic  acid,  and 
0.034%  for  soils  treated  with  cacodylic  acid.  Woolson  (4027)  calculated  a  soil  half-life 
of  6.0  yr  for  arsenite,  5.6  yr  for  methanearsonic  acid,  and  5.2  yr  for  cacodylic  acid.  The 
NRC  of  Canada  (1978)  reported  soil  half-lives  ranging  from  6.5  yr  for  arsenic  trioxide 
to  about  16  yr  for  lead  arsenate  (Pb3(As04)2). 

In  a  review  of  earlier  studies,  Sandberg  and  Allen  (4028)  reported  that  total 
arsenic  losses  in  an  agro-ecosystem  could  be  as  high  as  17-35%/year  (equivalent  to 
0.046-0.096%/day),  but  this  estimation  included  losses  due  to  leaching,  wind-borne  dust, 
runoff,  and  crop  removal,  as  well  as  losses  through  volatilization. 
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75^  Transformation  Processes  in  Soil/Ground-water  Systems 

Arsenic  can  exist  in  soils  in  several  chemical  forms  depending  on  o)^gen  levels, 
reducing  conditions,  and  microbial  activity  (4005).  Two  competing  reactions  are  involv¬ 
ed;  oxidation-reduction,  and  methylation^emethylation  (4007).  Photodecomposition  is 
not  likely  to  be  a  transformation  pathway  for  either  inorganic  or  organic  arsenic  (4014). 

Pentavalent  arsenates  and  trivalent  arsenites  are  expected  to  be  the  major 
forms  of  arsenic  in  the  soil  environment.  Arsenates  are  the  predominant  forms  under 
aerobic  conditions  and  arsenites  occur  under  reduced  conditions.  Oxidation-reduction 
reactions  of  arsenic  in  soils  are  controlled  by  pH  and  iron  content  which  affects  the 
redox  potential  (Eh)  of  the  soil  (4025).  High  iron  levels  favor  high  Eh  values  which 
lead  to  the  formation  of  arsenates.  At  Eh  levels  of  less  than  300  mV,  such  as  may 
occur  during  flooding,  the  arsenate  will  be  reduced  back  to  arsenite.  Under  typical  soil 
conditions,  most  arsenic  compounds,  inorganic  and  organic,  are  likely  to  be  converted 
to  arsenates  (4007).  In  contrast,  the  formation  of  arsenites  might  be  favored  under 
anaerobic  conditions  such  as  those  which  might  occur  at  landfills  and  waste  disposal 
sites. 


In  soil  water  arsenates  react  in  varying  degrees  with  ions,  such  as  Fe,  Al,  Ca, 
Mg,  Mn,  and  Pb,  to  form  relatively  insoluble  products.  The  extent  of  the  reactions 
depends  on  the  concentrations,  solubility  products  and  soil  pH  (4007).  According  to 
Woolson  (4007),  arsenic  that  has  been  in  the  soil  for  a  long  time,  may  form  a  non- 
extractable  hydroxy  apatite  mineral. 

Soil  microorganisms  are  responsible  for  biotransformation  reactions  involving 
arsenic  compounds.  Studies  have  demonstrated  increased  decomposition  of  organic 
arsenic  compounds  relative  to  soil  organic  matter,  indicating  adaptation  of  soil  micro¬ 
bial  populations  to  metabolize  the  methyl  carbon  of  methanearsonic  acid  (4026). 
Organoarsenic  compounds  such  as  the  monosodium  and  disodium  salts  of  methane¬ 
arsonic  acid  can  be  metabolized  to  arsenates  (4007).  Conversely,  inorganic  arsenic 
compounds  can  be  methylated  to  methanearsonate  and  cacodylic  acid,  and  then  reduc¬ 
ed  to  alkylarsines.  Oxidation  reactions  are  favored  under  high  temperature,  low  soil 
saturation  conditions.  Methylation  and  reduction  are  favored  under  low  temperature, 
high  soil  saturation  conditions  (4007). 

Under  anaerobic  conditions,  microorganisms  can  convert  arsenates  to  dimethyl- 
arsine  [(CH3)2AsH]  via  the  formation  of  arsenites,  methanearsonic  acid 
[CH2AsO(OH)2],  and  dimethylarsinic  acid  (cacodylic  acid).  Arsine  and  alkylarsines  may 
be  released  to  the  air,  oxidiz^  to  precursors  such  as  dimethylarsinic  acid,  or  deme- 
thylated  and  returned  to  the  soil  as  arsenates.  Dimethylarsinic  acid  is  a  very  common 
form  of  arsenic  in  the  environment  and  is  resistant  to  oxidation  (4005). 

Arsenic  that  enters  groundwater  is  generally  present  as  arsenate  or  arsenite 
(4031).  The  dominant  aqueous  species  under  varying  pH  and  redox  conditions  at 
equilibrium  are  shown  in  Figure  75-1.  According  to  Welch  et  al.  (4031),  the  major 
processes  determining  arsenic  concentrations  in  groundwater  include:  mineral  precipita- 
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tion/dissolution,  adsorption/deadsorption,  chemical  transformations,  ion  exchange,  and 
biological  activity.  Factors  such  as  pH,  Eh,  solution  composition,  competing  and 
complexing  ions  and  reaction  kinetics,  and  aquifer  mineralogy  and  hydraulics,  affect 
chemical  speciation  and  concentration.  In  comparison  with  surface  waters,  deep 
groundwaters  generally  have  higher  pH  levels  which  reduce  the  solubility  of  iron  and 
thereby  lower  Eh  values.  These  conditions  favor  the  formation  of  reduced,  more 
soluble,  and  more  toxic  arsenic  compounds  such  as  arsenites  (4025).  In  contrast,  in 
shallow  groundwaters  lower  pH  values  and  higher  iron  content  favor  the  formation  of 
the  less  soluble  arsenates,  and  these  are  more  likely  to  precipitate  out  or  become 
adsorbed  onto  soil  particles.  Several  studies  have  shown  that  arsenic  levels  are 
generally  elevated  in  slightly  alkaline  nonthermal  groundwaters. 

Because  of  the  underlying  geologic  formations,  the  deep  groundwaters  of  the 
western  United  States  have  relatively  high  levels  of  arsenic.  In  one  survey,  arsenic  con¬ 
centrations  in  most  locations  were  greater  then  10  pg/L.  Concentrations  as  high  1,000 
pg/L  occurred  in  areas  affected  by  agricultural  irrigation  and  levels  up  to  48,000  pg/L 
were  found  in  mining  areas  (4031). 

75.23  Primary  Routes  of  Exposure  from  SoQ/Groimdwater  Systems 

The  low  mobility  of  arsenic  in  soils  generally  limits  transport  to  groundwater 
and  thereby  reduces  the  potential  for  exposure  through  the  use  of  groundwater  as  a 
source  of  drinking  water.  Under  acidic  and  oxidizing  conditions,  arsenic  compounds 
migrate  to  subsurface  soil  horizons  where  they  may  become  adsorbed  to  iron  hydrous 
oxides  (4005).  In  monitoring  studies  conducted  at  85  wells  and  springs  near  industrial 
waste  disposal  sites  in  13  states,  arsenic  was  found  in  only  four  samples  (4005).  The 
reported  concentrations  were  30  to  5,800  pg/L.  These  results  suggest  that  the  poten¬ 
tial  for  arsenic  to  become  a  groundwater  contaminant  as  a  result  of  leaching  from 
waste  disposal  sites  may  exist  only  under  very  specific  conditions  favoring  the  formation 
of  water  soluble  arsenic  species  with  limited  adsorption  to  soil  particulate  matter. 

There  are  some  locations,  however,  where  groundwaters  have  a  high  arsenic  content  as 
a  result  of  leaching  from  naturally  occurring  arsenic-rich  geologic  formations.  High 
arsenic  levels  have  been  reported  for  well  water  samples  from  California  (1,400  ppb), 
Oregon  (2,150  ppb)),  and  Alaska  (10,000  ppb)  (4032,  4033,  4034).  In  some 
underdeveloped  countries  the  use  of  such  groundwater  as  a  source  of  drinking  water 
has  been  implicated  in  cases  of  mass  arsenic  poisonings. 

Arsenic  can  be  taken  up  by  terrestrial  plants,  however,  concentrations  are 
generally  only  slightly  higher  than  those  for  plants  grown  on  noncontaminated  soils. 
Uptake  by  plants  is  affected  to  a  great  deal  by  bioavailability,  which  in  turn  is  controll¬ 
ed  by  the  type  of  soil  on  which  the  plants  are  grown.  Plants  grown  on  sands  and  sandy 
loams  have  higher  arsenic  residues  at  equivalent  soil  arsenic  levels  than  those  grown  on 
silty  and  clay  soils.  In  the  latter  case,  the  arsenic  is  more  tightly  bound  to 
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the  soil  particles  and  thus  unavailable  to  the  plants.  Thoresby  and  Thornton  (4035) 
reported  that  arsenic  levels  in  pasture  grass  were  0.26  to  9.6  ppm  even  though  the  soil 
arsenic  levels  were  28  to  1200  ppm.  However,  some  studies  have  shown  that  soil  As 
concentrations  as  low  as  15-50  ppm  (dry  weight)  can  be  phytotoxic  (4018). 

Field  studies  indicate  that  animals  living  in  areas  contaminated  with  arsenic  may 
accumulate  the  metal.  Small  mammals  living  on  arsenic -contaminated  orchard  soils  had 
higher  body  burdens  of  arsenic  (1.2-28  pg)  than  animals  living  in  uncontaminated  areas 
(0.0-0.8  pg)(4005). 

Because  of  the  ubiquitous  distribution  of  arsenic  in  the  environment,  it  is  not 
surprising  that  arsenic  is  present  in  most  food  products,  although  usually  at  very  low 
levels.  Studies  conducted  in  the  1970s  demonstrated  that  arsenic  levels  ranged  from  0 
to  0.16  ppm  in  infant  foods,  0  to  0.43  ppm  in  toddler  foods,  and  0  to  0.83  ppm  in  adult 
foods.  In  reviewing  the  available  data  on  the  occurrence  of  arsenic  in  foods,  Ai.iold 
(4006)  reported  that  arsenic  levels  of  0.007  to  0.26  mg/kg  had  been  found  in  vegetables 
and  vegetable  products,  0.003  to  0.22  mg/kg  in  grains  and  cereals,  0.003  to  0.025  mg/kg 
in  dairy  products,  0.001  to  0.212  mg/kg  in  meats,  and  0.01  to  0.5  mg/kg  in  eggs. 

The  presence  of  arsenic  in  well  water  and  food  products  indicates  that  exposure 
to  arsenic  through  ingestion  occurs  regularly.  It  has  been  estimated  that  the  daily  in¬ 
take  of  arsenic  through  ingestion  ranges  from  30  to  370  pg/day  and  averages  about  120 
pg/day  (4036).  The  rate  of  absorption  through  the  gastrointestinal  tract  has  been  re¬ 
ported  to  range  from  80  to  100%  (4036).  EPA  estimated  that  the  average  daily  intake 
of  arsenic  in  food  would  be  50  pg  of  which  40  pg  would  be  absorbed  (4020). 

75.2.4  Other  Sources  of  Human  Exposure 

Arsenic  present  in  the  atmosphere  occurs  primarily  in  association  with  parti¬ 
culate  matter.  Arsenic  trioxide  is  the  major  arsenic  compound  released  from  combus¬ 
tion  sources  and  smelter  operations.  Gaseous  species  may  also  be  present  in  the 
atmosphere,  particularly  in  areas  where  total  arsenic  concentrations  are  high.  The 
gaseous  species  may  include  As^O^,  as  well  as  arsine  and  alkylarsines.  Concentrations 
of  arsenic  in  the  atmosphere  are  reported  to  average  0.002  pg/m^  in  rural  areas,  0.02 
pg/m^  in  urban  areas,  and  0.2  pg/m^  in  cities  containing  smelters  (4007).  Air  con¬ 
centrations  adjacent  to  smelters  may  even  be  an  order  of  magnitude  higher.  The 
residence  time  for  arsenic  in  the  troposphere  is  about  9  days  (4024).  These  data  indi¬ 
cate  that  inhalation  of  airborne  arsenic  may  be  a  significant  source  of  exposure  particu¬ 
larly  near  point  sources.  Evidence  of  arsenic  exposure  has  been  found  in  adults  and 
children  living  near  smelters  (4037,  4038,  40.39).  Estimates  of  the  daily  intake  of 
arsenic  through  inhalation  range  from  0.1  to  4  pg/day  with  an  average  value  of  0.4 
pg/day  (4036).  The  rate  of  absorption  of  arsenic  through  the  lungs  has  been  estimated 
to  range  from  20  to  40%  (4036).  Using  a  national  average  air  concentration  of  0.006 
pg  As/m^  EPA  estimated  that  the  daily  intake  of  arsenic  through  inhalation  would  be 
0.12  pg  of  which  0.036  pg  would  be  absorbed  (4020). 

Arsenic  is  removed  from  the  atmosphere  through  wet  and  dry  deposition.  After 
deposition  into  surface  waters,  arsenic  trioxide  forms  As(OH)3  and  other  arsenites. 
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The  chemical  forms  and  concentrations  of  arsenic  sp>ecies  present  in  aquatic  environ¬ 
ments  vary  with  pH,  dissolved  oxygen,  oxidation-reduction  potential,  and  the  type  of 
minerals  present.  Most  surface  waters  have  Eh  and  pH  levels  that  favor  the  formation 
of  arsenates  (4025).  In  oxygenated  water  with  a  pH  of  8.16,  thermodynamic  calcula¬ 
tions  indicate  that  the  ratio  of  arsenate  to  arsenite  would  be  10^:1  (4040).  Arsenites 
may  be  present  in  natural  waters  as  a  result  of  incomplete  oxidation,  locally  high  Eh 
levels  or  biological  reduction  of  arsenates  (4025). 

Arsenic  present  in  surface  waters  is  subject  to  attenuation  processes  involving 
the  formation  of  insoluble  precipitates  and/or  adsorption  onto  stream  and  lake 
sediments  (4025).  Precipitation  reactions  can  occur  with  calcium,  sulfur,  iron, 
aluminum,  and  barium.  Conversely,  arsenic  may  also  bond  with  dissolved,  low 
molecular  weight  organics  to  form  complexes  less  susceptible  to  adsorption  and 
precipitation  reactions  (4029,  4041).  Coprecipitation  and  sorption  of  arsenic  with 
hydrous  oxides  of  iron  is  probably  the  most  important  removal  mechanism  (4014).  In 
one  field  study,  a  35%  reduction  in  arsenic  occurred  over  a  565-m  reach  of  test  stream 
following  injection  of  1  mmol  of  arsenic  (as  Na2HAs04)  for  each  liter  per  minute  of 
flow  rate  (4042). 

Arsenic  compounds  are  generally  not  subject  to  photolysis  in  aquatic  environ¬ 
ments  (4014).  However,  in  the  photic  zone  inorganic  arsenic  is  subject  to  methylation 
by  microorganisms,  phytoplankton  and  higher  organisms  (4025).  The  methylated 
arsenic  compounds  are  available  for  oxidation-reduction  reactions  and  adsorption- 
precipitation.  Methylated  arsine  compounds  such  as  trimethylarsine  may  be  formed  in 
aquatic  environments  under  both  aerobic  and  anaerobic  conditions  (4219).  These 
compounds  are  quite  volatile  and  can  be  lost  to  the  atmosphere  where  human  exposure 
can  occur,  or  they  can  be  oxidized  to  more  soluble  products  (4014). 

The  average  concentration  of  arsenic  in  surface  waters  is  1. 5-2.0  pg/L  (4043). 

In  a  1970  survey,  79%  of  727  water  samples  had  As  levels  of  less  than  10  pg/L;  21% 
had  levels  greater  than  10  pg/L,  and  2%  had  levels  greater  than  50  pg/L  (4044). 
However,  concentrations  as  high  as  1000-5000  pg/L  or  more  have  been  reported  for 
thermal  or  mineral  springs  and  for  water  bodies  containing  high  dissolved  solids,  and/or 
receiving  industrial  waste  or  sewage  inputs  (4043). 

The  arsenic  content  of  drinking  water,  particular  that  obtained  from  surface 
water  supplies,  is  generally  low.  Of  969  community  water  supplies  studied  in  1%9, 
fewer  than  1%  had  arsenic  levels  greater  than  30  pg/L  (4045).  Of  2595  tap  water 
samples  taken,  only  0.2%  had  arsenic  levels  exceeding  50  pg/L,  and  the  maximum 
reported  concentration  was  100  pg/1.  Using  a  national  average  drinking  water 
concentration  of  i  10  pg  As/L,  EPA  estimated  that  the  average  daily  intake  of  arsenic 
in  drinking  water  would  be  $  20  pg  all  of  which  would  be  absorbed  (4020).  High 
arsenic  levels  occur  in  drinking  water  in  some  locations,  particularly  in  cases  where 
leaching  into  groundwater  supplies  occurs  from  arsenical  pyrite  geologic  layers  or  where 
groundwater  or  surface  water  supplies  are  contaminated  from  mine  waste  piles  or  from 
the  use  of  arsenical  pesticides.  In  such  cases  the  intake  through  drinking  water 
considerably  higher  than  the  national  average. 


ARSENIC 


75-69 


Arsenic  has  a  potential  for  bioconcentration,  particularly  at  the  lower  levels  of 
the  aquatic  food  chain  (4014).  In  seawater  containing  3  pg  As/L,  marine  algae  take  up 
arsenic  at  rates  corresponding  to  bioconcentration  factors  (BCF)  of  600  to  86,000  (dry 
weight).  Early  studies  on  freshwater  algae  and  weeds  indicated  BCFs  up  to  20,000 
(4043).  In  contrast,  BCFs  for  freshwater  invertebrates  and  fish  were  less  than  130.  In 
more  recent  studies  on  freshwater  invertebrates  (stoneflies,  snails,  and  Daphnial. 

Spehar  et  al.  (4046)  found  that  arsenic  levels  in  tissues  were  99  to  219  times  greater 
than  the  water  concentration  (up  to  1000  pg/L).  However,  at  the  higher  levels  of  the 
aquatic  food  chain,  the  BCFs  for  arsenic  are  much  lower.  In  tests  of  21-28  days 
duration,  freshwater  species  exhibited  BCFs  of  17  for  arsenic  trioxide,  7  for  arsenic 
pentoxide,  and  9  for  other  arsenic  compounds  (4005).  The  BCFs  for  marine  fish  are 
generally  higher  than  those  for  freshwater  species;  values  above  5000  have  been 
reported  (4043).  Marine  crustaceans  also  accumulate  high  levels  of  arsenic  and  BCFs 
up  to  64,000  have  been  reported. 

The  concentration  of  arsenic  in  the  tissues  of  marine  animals  generally  falls  in 
the  range  of  0.1  to  50  mg/kg,  but  in  shrimp  and  lobster  it  may  be  as  high  as  200  mg/kg 
(4005).  The  primary  organic  arsenic  compound  in  fish  and  shellfish  is  arsenobetaine 
which  has  a  relatively  low  toxicity  (i.e.,  i.p.  doses  of  500  mg/kg  and  oral  doses  as  high  as 
10  g/kg  caused  no  toxic  effects  in  mice)  (4001). 

75.2.5  Biological  Monitoring 

Methods  for  analyzing  for  arsenic  in  biological  samples  have  been  summarized 
by  ATSDR  (4001).  Total  arsenic  levels  in  blood  and  urine  have  been  determined  by 
atomic  absorption  spectrophotometry  following  conversion  of  the  arsenic  to  the  gaseous 
hydride  form.  The  detection  limit  is  0.5  pg/L.  The  same  method  has  been  used  to 
measure  total  arsenic  levels  as  low  as  5  ppb  in  adipose  tissue.  Furnace  atomic 
absorption  spectrophotometry  and  gas-liquid  chromatography  with  electron  capture 
detection  have  been  used  to  measure  arsenic  in  other  mammalian  soft  tissues. 

Detection  limits  are  0.2-0.9  ppm  or  better. 


753  HUMAN  HEALTH  CONSIDERATIONS 

In  evaluating  the  potential  health  effects  of  arsenic,  consideration  must  be  given 
to  the  fact  that  the  metal  occurs  in  many  different  types  of  inorganic  and  organic  com¬ 
pounds  of  varying  toxicity.  With  some  exceptions,  such  as  the  halogenated 
organo-arsine  vesicants,  inorganic  arsenic  compounds  are  generally  more  toxic  than 
organic  arsenic  compounds.  Overall,  toxicity  of  inorganic  arsenic  compounds  can  be 
correlated  with  the  valence  state  of  the  arsenic.  Arsine  with  a  arsenic  valence  state  of  - 
3  is  one  of  the  most  toxic  inorganic  arsenic  compounds.  Trivalent  (+3)  compounds 
such  as  arsenic  trioxidc  (AS2O3)  and  arsenites,  are  much  more  toxic  than  pentavalent 
(+5)  compounds  such  as  arsenic  pentoxide  (AS2O5)  and  arsenates.  However,  the 
relative  toxicity  of  the  trivalent  and  pentavalent  forms  may  be  altered  by  other  factors 
such  as  water  solubility.  Although  the  more  soluble  compounds  are  generally  more 
toxic  and  more  likely  to  have  systemic  effects,  the  less  soluble  compounds  such  as 
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calcium  arsenate  and  lead  arsenate  may  produce  localized  effects,  particularly  in  the 
lungs  following  chronic  inhalation  exposures. 

The  physical  state  of  the  arsenic  compound,  the  dose  and  exposure  duration, 
and  the  route  of  exposure  are  other  factors  that  can  significantly  alter  the  potential 
toxicity  of  arsenic  compounds.  The  available  data  indicate  that  uptake  of  soluble 
inorganic  arsenic  in  humans  is  very  high  through  the  digestive  tract  (>93%),  particu¬ 
larly  when  the  arsenic  is  administered  in  drinking  water  (4047,  4048).  In  contrast,  rates 
of  absorption  following  inhalation  exposures  have  been  reported  to  range  from  20  to 
60%  (4049;  40.36).  Once  absorbed,  arsenic  compounds  are  subject  to  metabolic  trans¬ 
formation  which  may  also  alter  their  toxicity.  In  both  humans  and  animals,  pentavalent 
compounds  may  be  reduced  to  more  toxic  trivalent  compounds,  or  complex^  with 
organics  to  form  less  toxic  products.  In  higher  organisms  arsenic  is  excreted  relatively 
rapidly  and  the  potential  for  bioaccumulation  is  relatively  low. 

In  contrast  to  the  potential  multiplicity  of  effects  and  levels  of  response  caused 
by  the  many  different  chemical  and  physical  states  of  arsenic,  concentrations  in  environ¬ 
mental  and  biological  media  are  usually  measured  in  terms  of  total  arsenic,  or  total 
inorganic  arsenic.  Consequently,  quite  different  responses  might  be  reported  for  the 
same  exposure  level,  or  similar  responses  reported  for  different  exposure  levels.  Most 
of  the  currently  available  animal  and  human  toxicity  data  for  arsenic  deal  with  oxides  of 
arsenic  or  various  arsenite  or  arsenate  salts.  It  should  be  noted  that  extrapolation  of 
these  data  to  other  types  of  arsenic  compounds  may  not  be  appropriate. 

753.1  Animal  Studies 

753.1.1  Carcinogenicity 

There  is  limited  evidence  that  inorganic  arsenic  is  carcinogenic  to  several  animal 
species;  in  mice,  perinatal  treatment  with  arsenic  trioxide  resulted  in  lung  adenomas;  in 
hamsters,  intratracheal  instillation  of  arsenic  trioxide  induced  low  incidences  of 
respiratory  tract  carcinomas,  adenomas,  papillomas  and  adenomatoid  lesions;  and  in 
rats,  a  single  intratracheal  instillation  of  a  pesticide  mixture  containing  calcium  arsenate 
induced  a  high  incidence  of  lung  carcinomas  (4050,  4051,  4052,  4053,  4054). 

In  studies  utilizing  Syrian  hamster  cells,  DiPaolo  and  Casto  (4056)  found  that 
sodium  arsenate  induced  cell  transformations.  Casto  et  al.  (4057)  report^  that 
inorganic  arsenic  also  enhanced  virus-induced  transformation  of  Syrian  hamster  cells. 

753.13  Gcnotoxicity 

Trivalent  and  pentavalent  arsenic  have  been  tested  for  the  potential  to  induce 
gene  mutations  in  a  number  of  biological  systems.  Most  studies  utilizing  bacterial 
systems  have  yielded  negative  results  (4058,  4059,  4060).  Negative  results  have  also 
been  reported  in  tests  using  yeast  (4061)  and  cultured  mammalian  cells  (4060,  4062, 
4063,  4064).  Inorganic  arsenic  is  therefore  considered  to  be  nonmutagenic  or  only  very 
weakly  mutagenic  in  in  vitro  a.ssays  (4065). 
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Both  trivalent  and  pentavalcnt  arsenic  (arsenite  and  arsenate)  have  been  shown 
to  cause  chromosome  aberrations  and  increased  sister  chromatid  exchanges  (SEC)  in 
cultured  animal  cells  in  vitro  (4064,  4066,  4067,  4068,  4069).  Trivalent  arsenic  is  con¬ 
sidered  to  be  an  order  of  magnitude  more  potent  in  inducing  such  clastogenic  effects 
(4065).  However,  clastogenic  effects  have  not  been  demonstrated  in  in  vivo  studies  on 
exp)erimental  animals. 

Several  studies  have  demonstrated  that  inorganic  water-soluble  arsenic  salts 
have  the  ability  to  inhibit  the  repair  of  DNA  damage  caused  by  UV  radiation  and 
crosslinking  agents  (4203-4205).  Arsenic-induced  skin  cancers  might  be  attributed  to  a 
systemic  effect  resulting  from  the  lack  of  repair  of  DNA  damage  induced  by  UV  light 
(4206). 

753.13  Teratogenicity,  Embiyotoxicity  and  Reproductive  Effects 

Various  types  of  inorganic  arsenic  compounds  including  sodium  arsenate  and 
sodium  arsenite  have  been  shown  to  be  fetotoxic  and  to  cause  adverse  reproductive 
and  teratogenic  effects  in  laboratory  animals,  particularly  when  administered 
parenterally  on  the  8*''  day  of  gestation  (4070-4080,  4215).  Depending  on  chemical 
compound,  dose,  duration,  and  day  of  gestation  when  tested,  arsenic  causes  reabsorp- 
tions,  reduced  fetal  weights,  and  malformations,  including  skeletal  abnormalities,  eye 
defects,  and  excncephaly.  Teratogenic  and  fetotoxic  effects  have  been  reported  follow¬ 
ing  parenteral  doses  of  10-45  mg/kg/day  of  sodium  arsenate  and  5-9  mg/k^day  of 
sodium  arsenite.  In  contrast,  oral  doses  as  high  as  120  mg/kg/day  of  sodium  arsenate 
and  25-45  mg/kg/day  of  sodium  arsenite  have  been  reported  to  be  fetotoxic  but  not 
teratogenic. 

In  a  three-generation  study  conducted  on  mice,  Schroeder  and  Milchener 
(4081)  found  that  an  arsenic  concentration  of  5  ppm  m  drinking  water  resulted  in  an 
increase  in  the  male  to  female  ratio  (0.93  to  1.71)  and  a  significant  decrease  in  litter 
size.  There  were  no  other  observable  effects  on  reproduction  or  development. 

Studies  on  rodents  indicate  that  methylated  arsenic  compounds  may  also  be 
teratogenic  but  at  dose  levels  much  higher  than  those  for  inorganic  arsenic  compounds. 
Oral  administration  of  high  doses  of  dimethylarsinic  acid  (30-100  mg/kg/day),  sodium 
dimethylarsinate  (900-1000  mg/kg)  and  disodium  dmethanearsonate  (500-1500  mg/kg) 
resulted  in  fetotoxic  effects  and  fetal  malformations  (4082-4086). 

753.1.4  Other  Toxicologic  Effects 

753.1.4.1  Short-term  Toxicologic  Effects 

The  acute  toxicity  of  arsenic  to  laboratory  animals  is  dependent  on  the  chemical 
form  of  the  arsenic,  the  dose,  exposure  route  and  duration,  and  the  animal  species 
tested.  Median  lethal  oral  doses  to  rodents  for  several  of  the  more  common  inorganic 
and  organic  arsenic  compounds  are  summarized  in  Table  75-1. 
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Symptoms  of  acute  and  subacute  exposure  to  inorganic  arsenic  include:  gastro¬ 
intestinal  disturbances  and  neurological  effects.  In  studies  on  adolescent  and  infant 
Rhesus  monkeys,  oral  doses  of  a  complex  inorganic  arsenic  compound 
[2Na3(P04As04V04)NaF-18H201,  containing  the  equivalent  of  7.5  mg/kg/day  of 
arsenic  trioxide,  induced  toxic  effects  within  5  days  (4089).  The  affected  animals  ex¬ 
hibited  loss  of  condition,  "omiting,  diarrhea,  salivation  and  uncontrolled  shaking  of  the 
head.  Methanearsonates  produce  gastrointestinal  irritation,  as  well  as  listlessness  and 
hematuria  (4090).  High  doses  may  result  in  stupor,  convulsions,  paralysis  and  death 
(4001). 

Studies  involving  the  intratracheal  instillation  of  inorganic  arsenic  into  laboratory 
animals  indicate  that  arsenic  can  have  direct  toxic  effects  on  respiratory  tissues. 
Trivalent  arsenic  oxide  and  gallium  arsenide  were  shown  to  cause  pulmonary  inflamma¬ 
tion  and  pneumocyte  hyperplasia  in  rats  (4091-4093).  In  hamsters,  intratracheal 
instillation  of  calcium  arsenate  caused  lung  lesions  but  arsenic  trioxide  and  arsenic 
trisulfide  did  not  (4094).  This  difference  was  attributed  to  either  differences  in  in  vivo 
solubility,  with  the  more  highly  soluble  arsenic  trioxide  being  cleared  faster,  or  to  the 
higher  wetting  capacity  of  the  calcium  arsenate  which  allowed  more  of  the  compound 
to  reach  the  alveolar  regions  where  clearance  was  slower. 

75J.1.4.2  Subchronic  and  Chronic  Toxicity 

The  response  of  laboratory  animals  following  subchronic  and  chronic  exposure  to 
arsenic  differs  from  that  of  humans  in  that  the  critical  effects  appear  to  be  immuno¬ 
suppression  and  hepato-renal  dysfunction,  rather  than  dematological,  neurotoxic,  and 
vascular  disorders.  Long-term  oral  toxicity  studies  in  rats  have  demonstrated  a  no- 
adverse-effect  level  for  sodium  arsenite  at  doses  up  to  1.4  mg  As/kg/day  for  males  and 
1.6  mg  As/kg/day  for  females  and  for  sodium  arsenate  at  doses  up  to  2  8  mg  As/kg/day 
for  males  and  3.25  mg  As/kg/day  for  females  (4095).  Similar  studies  on  dogs  revealed  a 
no-adverse-effect  level  at  1.1  mg  As/kg/day.  A  drinking  water  concentration  of  5  ppm 
produced  no  toxic  effects  in  rats  when  administered  over  an  entire  lifetime  (4096). 

Immunotoxicitv  -  The  immunosuppressive  activity  of  arsenic  has  been  document¬ 
ed  in  several  animal  studies.  Dose-related  effects,  as  measured  by  hemagglutination, 
radial  immunodiffusion,  and  Cunningham  plaque  assay,  were  seen  in  mice  exposed  to 
sodium  arsenite  levels  of  0.5  ppm  in  d’'iiiking  water  (4097).  In  mice,  a  significant 
reduction  in  the  pulmonary  immune  response  (as  measured  by  increases  in  mortality 
due  to  infectious  streptococcal  challenge  (4098,  4099)  and  decreases  in  pulmonary 
bactericidal  activity  to  Klebsiella  pneumonia)  occurred  following  exposure  to  arsenic 
trioxide  (4099).  Alveolar  macrophage  dysfunction  was  reported  to  be  the  main  effect 
of  arsenic  exposure. 
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TABLE  75-1 

TOXICITY  OF  ARSENIC  COMPOUNDS  TO  RODENTS 


Compound 

Oral  LD50 
(mg/kg) 

Species 

Reference 

Arsenic  trioxide  (gavage) 

15 

rat 

4087 

26-48 

mouse 

Arsenic  trioxide  (diet) 

191 

rats 

4087 

Arsenic  pentoxide 

8 

rat 

4019 

55 

mouse 

Arsenic  acid 

48 

rat 

4019 

Potassium  arsenate 

14 

rat 

4000 

Lead  arsenate 

80 

rat 

4000 

1000 

mouse 

4019 

Arsenic  trisulfide 

185 

rat 

4000 

254 

mouse 

Calcium  arsenate 

298 

rat 

4000 

794 

mouse 

Cacodylic  acid 

700-830 

rat 

4083 

Sodium  cacodylate 

600-2600 

rat 

4083 

Methanearsonic  acid 

1800 

rat 

4000 

Sodium  methanearsonate 

700 

rat 

4019 

Disodium  methanearsonate 

1000 

rat 

4088 

8000 

rat 

4000 

Arsanilic  acid 

216 

rat 

4019 
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Renal  and  hepatic  effecU  —  Studies  using  laboratory  animals  have 
demonstrated  renal  and  hepatotoxic  effects  following  exposure  to  arsenic  (4100).  Mild 
swelling  of  renal  tubular  cell  mitochondria  and  decreases  in  liver-derived  serum 
enzymes  (AST  and  alkaline  phosphatase)  occurred  in  rats  following  10  weeks  of 
exposure  to  50  ppm  dietary  arsenate  (4101).  Functional  and  ultrastructural  changes 
occurred  in  the  kidneys  of  rats  exposed  for  6  wk  to  arsenate  in  their  drinking  water  at 
concentrations  of  85  and  125  ppm  (4102).  Liver  biosynthesis  of  heme  and  ALA 
synthetase  activity  were  disrupted  in  mice  and  rats  by  arsenic  levels  of  40  and  85  ppm 
in  their  drinking  water  (4103,  4104).  Hepatocyte  mitochondrial  structure  and  liver 
enzyme  activity  (monoamine  oxidase,  cytochrome  oxidase)  and  respiratory  function 
were  altered  in  rats  and  mice  exposed  to  20-85  ppm  sodium  arsenate  in  drinking  water 
(4217,  4218).  Bile  duct  abnormalities  have  been  observed  in  rats  on  a  diet  containing 
125  and  250  ppm  As  as  arsenite,  250  and  400  ppm  As  as  arsenate  (4095),  or  399  ppm 
as  lead  arsenate  (4105). 

Hematotoxicitv  —  Exposure  to  arsine  gas  results  in  severe  hematological 
effects  in  laboratory  animals.  In  studies  on  mice,  arsine  concentrations  as  low  as  2.5 
ppm  caused  significant  decreases  in  red  blood  cells,  hematocrit  and  hemoglobin,  as  well 
as  significant  increases  in  white  blood  cell  counts,  and  mean  corpuscular  volume  of 
RBC.  Erythropoiesis  in  bone  marrow  cells  was  impaired  and  erythropoiesius  of  spleen 
was  increased  (4216). 

Dematologfcal  effects  —  Laboratory  animals  seem  to  be  less  susceptible  than 
humans  to  arsenic-induced  skin  abnormalities;  however,  mild  hyperkeratosis  has  been 
reported  in  mice  exposed  for  a  lifetime  to  arsenic  oxide  in  their  drinking  water  at  a 
concentration  of  0.01%  (4106),  and  eczema,  hyperplasia,  and  hyperkeratosis  were  seen 
in  2-wk-old  rats  dosed  (by  stomach  intubation)  with  2  mg/kg/day  or  10  mg/kg/day 
arsenic  trioxide  for  40  days  (4107). 

Neurotoxicity  —  Chronic  exposure  to  10  mg/kg/day  of  arsenic  by  injection 
(once  per  day  for  18  months)  did  not  result  in  any  signs  of  neuropathy  in  rats  (4108). 

753.2  Human  and  Epidemiologic  Studies 

In  humans  the  toxicity  of  arsenic  compounds  can  be  manifested  in  adverse 
effects  on  various  organ  systems  including  the  skin,  lungs,  nervous  system,  vascular 
system,  liver,  kidneys,  blood  and  reproductive  system.  Because  of  the  nature  of  the 
studies  from  which  this  information  was  obtained  (i.e.,  accidental  poisonings  and  oc¬ 
cupational  exposures)  quantitative  data  indicating  dosc/response  levels  were  rarely 
available. 

75.3.2.1  Short-term  Toxicologic  ElTects 

Lethality  —  Acute  arsenic  poisoning  can  result  in  stupor,  a)nvulsions,  paralysis, 
coma  and  death.  Oral  doses  of  50  to  300  mg  may  be  fatal  to  adults  (4001).  Subchronic 
doses  of  3  mg/day  were  reported  to  be  fatal  to  infants  (4109).  The  acute  lethal  dose  to 
humans  has  been  estimated  to  be  about  0.6  mg/kg/day  (4(X)1).  Physiologically,  acutely 
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toxic  doses  of  arsenic  cause  vasodilation  and  increased  permeability  of  the  capillaries 
(4110).  If  death  occurs  within  1  or  2  days,  it  is  usually  caused  by  relative  hypovolemic 
shock.  If  death  is  delayed  from  3  to  14  days,  it  is  caused  by  dehydration,  electrolyte 
imbalance,  and  a  more  gradual  drop  in  blood  pressure  (4110).  In  arsine  poisonings, 
acute  oliguric  renal  failure  is  often  the  cause  of  death  (4111). 

General  symptoms  of  toxicity  —  The  most  common  immediate  symptoms  of 
inorganic  arsenic  poisoning  involve  the  gastrointestinal  system  and  include  iiausea, 
anorexia,  vomiting,  epigastric  and  abdominal  pain,  and  diarrhea.  Other  symptoms  that 
have  been  reported  are:  constriction  of  the  throat  and  difficulty  in  swallowing,  edema 
of  the  face,  headache,  fatigue,  upper  respiratory  distress  (cough,  sorethroat,  and 
rhinitis),  dermatitis,  and  peripheral  neuropathy  (4112,  4110).  The  lowest  dose  or  ex¬ 
posure  level  producing  such  effects  is  not  clearly  defined.  In  some  individuals  short¬ 
term  oral  doses  of  20-60  pg/kg/day  have  been  reported  to  cause  symptoms  of  toxicity, 
whereas  in  others,  doses  as  high  as  150  pg/kg  have  been  without  effect  (4(K)1). 

Organic  arsenic  compounds  used  as  herbicides  and  pesticides  (i.e.,  cacodylic  acid, 
sodium  dimethyl  arsenate,  methanearsonic  acid,  and  sodium  and  disodium  methane- 
arsonates)  produce  symptoms  of  acute  toxicity  similar  to  those  caused  by  inorganic 
arsenic,  but  these  are  generally  not  as  severe  (4088).  Nausea,  vomiting,  diarrhea, 
abdominal  pain,  eye  irritation,  dermatitis,  and  allergic  rash  have  been  reported  in 
agricultural  workers  exposed  to  these  compounds.  Exposure  to  arsine  gas  is  unique 
among  arsenic  compounds  in  causing  fever,  tachycardia,  tachypnea,  and  severe 
hemolytic  anemia  (4111), 

Dematological  effects  —  Acute  exjxjsures  to  arsenic  often  result  in  dermatitis, 
particularly  in  the  palms,  soles,  and  other  areas  subject  to  pressure  (4110).  Skin  erup¬ 
tions  may  develop  into  exfoliative  dermatitis.  In  arsine  poisonings,  the  skin  developes  a 
bronze  jaundice-like  hue  (4111).  Transverse  white  lines  across  the  nails  (Mee’s  lines) 
often  appear  several  weeks  after  exposures  to  arsenic  (4113). 

Respiratory  system  effects  —  Exposure  to  high  levels  of  arsenic  in  the  air  can 
result  in  damage  to  mucous  membranes,  laryngitis,  and  bronchitis  (4113).  Within  a  few 
weeks  of  exposure  nasal  septum  perforation  may  occur.  Quantitative  data  on  minimum 
effect  levels  were  not  reported. 

Neurotoxicity  —  Very  high  oral  doses  of  arsenic  can  affect  the  central  nervous 
system  and  produce  encephalopathy  (4114,  4115,  4116).  Children  exposed  to  high 
levels  of  arsenic  may  develop  mental  retardation,  hearing  loss,  and  abnormal  electro¬ 
encephalograms  (4109,  4020).  Nonlethal  acute  exposures  often  lead  to  polyneuropathy 
characterized  by  numbness,  tingling,  "pins  and  needles"  sensation  in  the  extremities, 
pain,  burning,  and  tenderness  in  the  limbs  (4117,  4110).  Loss  of  proprioception,  other 
sensory  functions,  and  motor  functions  may  occur  in  some  individuals  (4117,  4110). 
Arsenic-induced  peripheral  neuropathy  may  be  indicated  by  electromyographic  changes. 
Single  exposures  to  arsenic  reportedly  resulted  in  a  reduction  in  motor  ainduction 
velocity  and  abnormalities  of  sensory  nerve  action  potential  (4118,  4119).  Other 
studies  have  indicated  decreased  nerve  conduction  amplitude  with  little  change  in  nerve 


75-76 


ARSENIC 


conduction  velocity  (4120).  Peripheral  neuropathy  may  not  appear  until  1-3  weeks 
after  the  initial  exposure  to  arsenic  (4112,  4110). 

Cardiovascular  effects  —  Acute  and  subchronic  exposure  to  arsenic  may  cause 
electrocardiographic  abnormalities  including  prolongation  of  the  Q-T  interval  and 
abnormal  T  waves  (4112,  4121,  4122,  4123).  Individuals  severely  poisoned  by  arsenic 
may  be  subject  to  ventricular  fibrillation  and  cardiac  arrest  during  anesthesia  (4125). 

The  effects  of  arsenic  on  the  capillaries  may  result  in  peripheral  circulatory  problems 
resulting  in  blanching  or  flushing  of  the  skin. 

Hematological  effects  —  Acute  exposures  to  inorganic  and  organic  arsenic  can 
result  in  hematological  abnormalities  including  anemia  and  leukocytosis  (4126).  Clinical 
characteristics  of  arsenic  toxicity  include  Coomb’s  negative  hemolytic  anemia,  sider¬ 
oblastic  anemia,  megaloblastic  anemia,  thrombocytopenia,  eosinophilia,  and  aplastic 
anemia  (4126).  Kyle  and  Pease  (4127)  examined  six  patients  poisoned  with  arsenic  and 
found  that  leukopenia  (neutropenia)  and  anemia  was  present  in  all  patients  and 
thrombocytopenia  was  present  in  three.  Anemia  and  thrombocytopenia  have  been 
reported  in  several  cases  of  acute  arsenism  in  which  exposures  were  high  enough  to 
produce  symptoms  of  severe  poisoning  (4020). 

The  early  use  of  arsphenamine  as  an  anti-syphilis  drug  was  also  associated  with 
hematological  findings  including  anemias  and  thrombocytopenia  (4126), 

Clinical  features  of  arsine  toxicity  include  hemolytic  anemia  with  Heinz  bodies 
and  leukocytosis  (4111).  Severe  hemolysis,  resulting  in  hemoglobinuria,  jaundice,  and 
hemolytical  anemia  were  found  in  workers  occupationally  exposed  to  arsine  gas  (AsHj) 
(4128). 


Renal  and  hepatic  effects  —  Renal  and  hepatic  effects  have  been  observed  in 
a  number  of  clinical  cases  of  severe  arsenic  poisoning.  Oliguria  with  urine  containing 
blood  and  albumen  and  anuria  leading  to  renal  sufficiency  or  renal  failure  have  been 
reported  (4129).  Necrosis  of  the  renal  tubules  is  a  characteristic  feature  of  acute  arsine 
poisoning  (4111).  The  effects  of  arsenic  on  the  liver  include  fatty  infiltration  and 
enlargement,  cortical  necrosis,  central  necrosis,  and  cirrhosis  (4109,  4130). 

15322.  Chronic  Toxicologic  Effects 

In  humans,  general  symptoms  of  chronic  arsenic  poisoning  are  weakness, 
general  debility  and  lassitude,  loss  of  appetite  and  energy,  loss  of  hair,  hoarseness  of 
the  voice,  loss  of  weight,  and  mental  abnormalities  (4025).  Specific  toxic  effects  that 
have  been  identified  in  individuals  following  chronic  long-term  exposures  include 
tumors,  neurological  changes,  and  skin  and  vascular  disorders.  Other  effects  seen  in 
some  studies  include  pulmonary  damage,  genotoxicity,  liver  damage,  hematological 
changes,  and  reproductive  abnormalities.  Severe  anemia  is  a  characteristic  feature  of 
chronic  exposure  to  arsine  (4111). 

Carcinogenicity  —  Chronic  exposure  to  arsenic  has  been  associated  with  in¬ 
creased  incidences  of  several  types  of  cancer.  Epidemiological  studies  have  revealed  a 
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close  correlation  between  chronic  oral  exposures  resulting  from  contaminated  drinking 
water  and  increased  incidences  of  skin  cancers  including  squamous  cell  carcinomas  and 
multiple  basal  cell  carcinomas.  Tseng  et  al.  (4131)  studied  a  Taiwanese  population  that 
had  been  exposed  to  arsenic  in  drinking  water  (average  As  concentration  0.4-0.6  ppm; 
maximum  level  of  1.0  ppm  or  more),  and  found  that  the  incidence  of  skin  cancer  was 
10.6  per  1000,  compared  to  no  cases  in  a  control  population  of  7500  whose  drinking 
water  contained  less  than  0.017  mg  As/L.  The  exposed  population  also  had  higher 
levels  of  other  skin  abnormalities  such  as  Blackfoot  disease,  hyperpigmentation  and 
hyperkeratosis.  In  a  study  of  residents  of  a  Mexican  town  exposed  to  0.4  mg/L  of 
arsenic  in  their  drinking  water,  Cebrian  et  al.  (4132)  found  a  3.6-fold  elevation  in 
ulcerative  skin  lesions  considered  to  be  compatible  with  a  diagnosis  of  epidermoid  or 
basal  cell  carcinomas  (4001).  In  contrast  to  the  studies  of  Tseng  (4131)  and  Cebrian 
(4132),  a  number  of  epidemiological  studies  conducted  in  the  U.S.  have  found  no 
correlation  between  increased  risk  of  skin  cancer  and  arsenic  levels  of  0.1  to  0.2  ppm  in 
drinking  water  (4032,  4034,  4133,  4134). 

Chronic  oral  exposure  to  arsenic  has  also  been  linked  to  various  types  of 
internal  cancers  (4135).  Sommers  and  McManus  (4136)  reported  that  10  of  27  arsenic- 
exposed  patients  with  skin  cancer  also  had  internal  cancers;  Reyman  et  al.  (4137) 
reported  increased  incidences  of  internal  cancers  in  patients  with  arsenical  keratoses, 
and  Dobson  et  al.  (4138)  reported  that  palmar  keratoses  were  common  in  patients  with 
internal  cancers.  Hepatic  angiosarcomas  reportedly  occur  with  a  high  frequency  in 
individuals  exposed  to  Fowler’s  solution  or  to  arsenical  pesticides  (4001).  Higher 
standardized  mortality  ratios  for  several  types  of  cancers  including  bladder  and  liver 
cancer  were  found  in  populations  exposed  to  0.35-1.14  mg/L  of  arsenic  in  their  drinking 
water  (4139,  4140).  High  rates  of  respiratory  and  gastrointestinal  tract  cancer  have 
been  reported  for  a  population  in  Argentina  whose  drinking  water  contained  elevated 
levels  of  arsenic. 

Inhalation  exposure  to  arsenic  has  been  found  to  be  associated  with  an  elevated 
risk  of  lung  cancer,  particularly  in  occupational  exposure  situations  (4142-4150,  4158, 
4207).  Exposure  of  smelter  workers  to  arsenic  Irioxide  has  been  associated  with 
elevated  rates  of  lung  cancer  (4016).  A  dose-  and  duration-dependent  increased 
frequency  of  respiratory  tract  cancers  was  found  in  copper  smelter  workers  exposed  to 
air-borne  arsenic  levels  averaging  0.4,  7,  and  62  mg/m^  for  low,  medium,  and  high 
exposure  groups  (4145,  4151-4157).  The  standardized  mortality  ratios  (SMR)  ranged 
from  111  to  832.  In  another  study,  lung  cancer  mortality  rates  were  correlated  with 
cumulative  arsenic  exposure  as  measured  by  urinary  arsenic  excretion  values  (4158, 
4159).  Cumulative  arsenic  exposure  levels  of  10  mg/m^  were  linked  to  a  SMR  greater 
than  200  (4160).  Similarly,  in  a  study  of  Swedish  smelter  workers,  a  clear  positive  dose- 
response  relationship  was  found  between  cumulative  arsenic  exposure  and  lung  cancer 
mortality  (4161).  The  overall  SMR  was  reported  to  be  372. 

An  increased  risk  of  lung  cancer  may  also  occur  in  non-occupationally  exposed 
populations  living  in  areas  with  high  atmospheric  levels  of  arsenic  resulting  from 
industrial  emissions.  Higher  lung  cancer  rates  have  been  reported  in  residents  living 
near  smelters  (4162,  4163)  and  near  a  arsenic  pesticide  manufacturing  plant  (4164). 
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Dcrmato’opical  effects  —  Skin  abnormalities,  particularly  hyperpigmentatiop 
and  hyperkeratosis  have  been  observed  in  populations  exposed  to  arsenic  (4131,  4132, 
4165,  4166,  4167,  4150).  Individuals  suffering  from  chronic  exposures  may  also  develop 
white  transverse  lines,  1-2  mm  in  width,  on  the  nails  (4025).  Skin  abnormalities  have 
been  seen  in  patients  ransuming  Fowler’s  solution  (containing  potassium  arsenite)  as  a 
treatment  for  asthma,  and  in  populations  whose  drinking  water  was  contaminated  with 
arsenic.  Similar  effects  were  also  reported  in  several  early  studies  of  workers 
occupationally  exposed  to  arsenic  (4168,  4169).  Tseng  et  al.  (4131  reported  that  in  a 
Taiwanese  population  exposed  to  arsenic  in  drinking  water  (average  concentration 
0.4-0.6  ppm,  but  up  to  1.0  ppm  or  more),  there  was  a  high  incidence  of  skin  disorders 
including  Blackfoot  disease  (0.89%),  hyperpigmentation  (18%),  and  keratosis  (7%). 
Hyperpigmentation  first  appeared  in  children  after  5  years  exposure;  keratosis  after 
about  15  years  exposure.  High  rates  of  hyperkeratosis  and/or  hyperpigmentation  have 
also  been  reported  in  several  South  American  populations  whose  drinking  water 
contained  high  levels  of  arsenic  (4023;  4170,  4171). 

Neurotoxicity  —  Arsenic-induced  neurotoxicity  is  often  manifested  as 
peripheral  neuropathy,  involving  both  sensory  and  motor  nerves  (4020,  4172).  Sensory 
defects  are  more  common  than  motor  defects  and  the  legs  are  more  likely  to  be 
affected  than  the  arms.  Typical  features  are  numbness  and  paresthesia,  diminished 
sensation  of  touch,  pain,  heat  and  cold,  and  reduced  muscle  p)ower  (4025).  As 
measured  by  electromyographic  techniques,  peripheral  neuropathy  has  been  observed 
in  populations  exposed  to  arsenic  in  their  drinking  water  at  concentrations  of  0.1  mg/L 
or  higher  (4173,  4174).  However,  in  other  studies  no  clinical  or  subclinical  evidence  of 
peripheral  neuropathy  was  seen  in  populations  whose  drinking  water  contained  arsenic 
at  levels  of  0.2-4  mg/L  (41.34,  4175). 

Polyneuropathy  has  also  been  observed  in  individuals  consuming  arsenic-con¬ 
taminated  foods,  and  in  those  taking  arsenic-based  drugs  (4112,  4176).  The  estimated 
dose  levels  were  3  mg  As/day  for  a  soy  sauce  contaminated  with  calcium  arsenate,  3  mg 
As/day  for  an  anti-asthmatic  drug  containing  arsenic  trioxidc,  and  about  10  mg  As/day 
for  an  anti-asthmatic  drug  containing  arsenic  sulddc. 

Neurological  disorders  have  also  been  documented  in  workers  exposed  to  high 
atmospheric  arsenic  levels  as  indicated  by  on-sitc  air  sampling  or  urinary  As  measure¬ 
ments  (4177,  4178,  4179). 

Several  organic  compounds  used  in  drugs  arc  known  to  produce  adverse  side 
effects  on  the  central  nervous  system;  both  glya^biarsol  and  tryparsamide  cause 
encephalopathy  and  the  latter  aimpound  is  al.so  associated  with  optic  atrophy  (4113). 
Arsphenaminc  and  ncoarsphenaminc  have  aLso  been  reported  to  cause  serious  neuro¬ 
logical  effects  (41 13). 

Cardiovascular  effects  —  Increased  rates  of  cardiovascular  disease  has  been 
reported  in  some  arscnic-cxpo.sed  workers  (4145,  414.3,  4180).  Chronic  exposure  to  low 
levels  of  arsenic  may  result  in  subtle  changes  in  the  peripheral  vascular  system,  as 
indicated  by  increased  incidence  of  Raynaud’s  phenomenon  (white  fingers)  and 
increased  vasospastic  reactivity  in  fingers  cxptKcd  to  low  temperatures  (4181).  Such 
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effects  were  attributed  to  functional  alterations  in  blood  vessels  caused  by  inhalation  of 
arsenic.  A  severe  vascular  disorder,  called  Blackfoot  disease,  which  is  characterized  by 
gangrene  of  the  lower  extremities,  was  reported  for  a  population  whose  drinking  water 
contained  high  levels  of  arsenic  (mean  level  about  0.5  mg/L,  maximum  greater  than  1 
mg/L)  (4131)^.  Recent  studies  have  demonstrated  that  the  arsenic  occurring  in  the 
drinking  water  was  bound  to  organic  fluorescent  substances  which  may  have  enhanced 
the  toxic  effects.  It  has  also  been  suggested  that  zinc  and  selenium  dietary  deficiencies 
may  have  increased  the  toxic  effects  (4182). 

Genotoxicitv  —  A  number  of  in  vivo  and  in  vitro  studies  have  demonstrated 
that  arsenic  causes  increases  in  chromosomal  aberrations  and  sister  chromatid 
exchanges  (SCE)  in  exposed  individuals  (4183-4189).  The  types  of  chromosomal 
aberrations  induced  by  arsenic  include  breaks  and  gaps.  A  considerable  amount  of 
individual  and  population  variation  in  response  occurs  even  for  similar  exposures  and  in 
some  epidemiological  studies  gcnotoxic  effects  have  not  been  seen.  For  example,  in  a 
study  of  a  population  exposed  to  0.1  mg/L  of  arsenic  in  drinking  water,  Vig  et  al. 

(41%)  reported  no  increased  incidence  of  chromosome  aberrations  or  SECs. 

Respiratory  effects  —  Rhinopharyngolaryngitis,  nasal  septal  perforation, 
tracheobronchitis,  and  pulmonary  insufficiency,  as  well  as  high  incidences  of 
bronchiectasis  and  recurrent  bronchopneumonia  have  been  observed  in  individuals 
exposed  to  arsenic -contaminated  drinking  water  (4020).  Rhinitis,  pharyngitis  and 
laryngitis  have  also  be  observed  in  workers  exposed  to  inorganic  arsenic  in  the  work 
place  air  (4113). 

Hematological  effects  —  Chronic  exposure  to  arsenic  may  also  cause  hema¬ 
tological  abnormalities.  In  early  studies,  leukopenia  was  the  most  common 
hematological  finding;  white  cell  counts  as  low  as  600  were  reported  (4127).  In  one 
occupational  exposure  study,  a  23%  incidence  of  relative  neutropenia  occurred  in  130 
smelter  workers  exposed  to  arsenic  at  levels  that  were  reported  to  average  less  than  0.5 
mg/m^  (4124).  Total  white  cell  counts  were  not  significantly  reduced,  and  no  other 
hematological  abnormalities  were  reported.  Chronic  exposure  to  very  low  levels  of 
arsine  gas  may  have  a  cumulative  effect  in  causing  an  anemic  condition  (4111). 

Reproductive  effects  —  Limited  data  are  available  suggesting  that  arsenic  may 
cause  adverse  reproductive  effects  in  humans.  A  significantly  higher  frequency  of 
spontaneous  abortions  (11%  vs  7.6%)  and  significantly  reduced  birth  weights  occurred 
in  a  population  living  near  a  copper  smelter  as  compared  to  more  distantly  located 
populations  (4191-4194).  No  exposure  estimates  were  given,  and  it  was  also  noted  that 
the  smelter  emissions  also  included  other  toxic  substances  such  as  lead  and  sulfur 
dioxide.  In  another  study,  a  high  male  to  female  birth  ratio  (157  to  100)  was  seen  in  a 
population  that  may  have  been  exposed  to  elevated  arsenic  levels  in  their  drinking 
water  10  to  11  months  earlier  (4195).  Exposure  levels  were  not  estimated. 

Hepatic  effects  —  Chronic  oral  exposures  to  arsenic  reportedly  resulted  in 
hepatic  cirrhosis  and  portal  hypertension  (4150,  41%-4198).  Organic  arsenic  drugs, 
such  as  arsphenamine  and  neoarsphenamine  have  also  been  reported  to  cause  liver 
damage  (4113). 
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Immunotoxicitv  —  There  are  very  limited  data  linking  arsenic  with  immunosup¬ 
pressive  effects  in  humans.  Zaldivar  (4199)  suggested  that  the  occurrence  of 
bronchiectasis  (11%)  and  recurrent  bronchopneumonia  in  children  whose  drinking 
water  contained  0.6  ppm  arsenic  was  due  to  the  immunosuppressive  action  of  arsenic  in 
the  lungs. 

7533  Levels  of  Concern 

Based  on  evidence  that  inorganic  arsenic  is  a  human  carcinogen,  USEPA  has 
specified  that  the  ambient  water  quality  criterion  and  the  drinking  water  MCLG  be  set 
at  zero.  In  that  the  attainment  of  a  zero  concentration  level  may  not  be  feasible  in 
some  cases,  the  concentrations  of  inorganic  arsenic  calculated  to  result  in  incremental 
lifetime  cancer  risks  of  10'*,  10"*,  and  lO  ’  from  ingestion  of  both  water  and 
contaminated  aquatic  organisms  was  estimated  to  be  0.02  pg/L,  0.002  pg/L,  and  0.0002 
pg/L,  respectively.  Based  on  the  ingestion  of  contaminated  water  only,  the  correspond¬ 
ing  levels  were  estimated  to  be  0.25  pg/L,  0.025  pg/L,  and  0.0025  pg/L,  respectively. 
Risk  estimates  are  expressed  as  the  probability  of  cancer  after  a  lifetime  consumption 
of  two  liters  of  drinking  water  and  6.5  g  of  contaminated  Hsh  per  day.  Thus  a  risk  of 
10'^  implies  that  a  lifetime  daily  consumption  of  two  liters  of  drinking  water  and  6.5  g 
of  contaminated  Hsh  at  the  criterion  level  of  0.02  pg/L  would  be  expected  to  produce 
one  excess  case  of  cancer  above  the  normal  background  incidence  for  every  100,000 
people  exposed.  The  oral  unit  risk  value  (the  increased  risk  of  developing  skin  cancer 
after  lifetime  ingestion  of  water  containing  1  pg  As/L)  was  estimated  by  the  EPA  to  be 
5  X  10-^  (4022). 

USEPA  Health  Advisories  have  not  been  issued  for  arsenic.  There  is  some 
evidence  seen  in  individuals  consuming  arsenic  compounds  as  a  tonic,  that  a  daily  dose 
equivalent  to  20-60  pg/kg  can  lead  to  mild  symptoms  of  poisoning  (4110). 

The  World  Health  Organization  recommends  a  health-based  drinking  water 
guideline  of  0.05  mg/L  for  arsenic  (4021). 

lARC  (4012)  lists  arsenic  in  Category  1  (sufficient  evidence  of  human  carcino¬ 
genicity  and  limited  evidence  of  animal  carcinogenicity)  in  its  weight-of-evidence 
ranking  of  potential  carcinogens.  The  EPA  lists  inorganic  arsenic  in  Group  A 
(sufficient  evidence  of  human  carcinogenicity)  (4008). 

For  inhalation  exposures,  EPA  has  calculated  a  carcinogenic  slope  factor  (95% 
upper  bound  limit  on  linearized  multistage  model)  of  50  (mg/kg/day)'*  (4020).  The 
inhalation  unit  risk  (the  excess  cancer  risk  associated  with  lifetime  exposure  to  1  pg/m^) 
was  estimated  by  EPA  to  be  4.29  x  10'^  (4020). 

The  OSHA  standards  for  inorganic  arsenic,  organic  arsenic  and  arsine  are  10  pg 
As/m^  500  pg  As/m^  and  200  pg  As/m^  for  an  8-hr  time-weighted  average  exposure 
(4009,  4011).  The  ACGIH  TLV*  (8-hr  TWA)  for  inorganic  arsenic  (As  and  soluble 
compounds)  is  0.2  mg  As/m^  (4010).  NIOSH  recommends  a  15-min  ceiling  STEL  of  2 
pg  As/m*  for  inorganic  arsenic  (4009). 
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753.4  Hazard  Assessment 

Inorganic  arsenic  is  a  human  carcinogen.  Chronic  oral  exposures  have  been  as¬ 
sociated  with  increased  incidences  of  skin  cancers  (squamous  cell  carcinomas  and 
multiple  basal  cell  carcinomas),  and  chronic  inhalation  exposures  have  been  associated 
with  an  elevated  risk  of  lung  cancer,  particularly  in  occupationally  exposed  workers. 

The  major  noncarcinogenic  toxic  effects  that  have  been  identified  in  individuals 
chronically  exposed  to  arsenic  include  skin  abnormalities,  neurological  changes,  and 
vascular  disorders.  Other  effects  seen  in  some  studies  are  pulmonary  damage, 
chromosomal  abnormalities,  liver  damage,  hematological  changes,  and  reproductive 
abnormalities.  Some  effects,  such  as  peripheral  neuropathy  may  persist  for  several 
years  after  the  exposure  is  discontinued. 


75.4  SAMPLING  AND  ANALYSIS  CONSIDERATIONS 

Determination  of  arsenic  concentrations  in  soil  and  water  requires  the 
collection  of  a  representative  field  sample  and  the  maintenance  of  proper  storage 
conditions  prior  to  laboratory  analysis.  Samples  for  metal  determinations  should  be 
collected  in  either  glass,  polypropylene  or  teflon  containers.  The  sample  containers 
should  have  been  previously  cleaned  with  the  following  sequence  of  reagents  to 
minimize  bottle  contamination:  detergent,  tap  water,  1:1  nitric  acid,  tap  water,  1:1 
hydrochloric  acid,  tap  water,  and  Type  II  water.  Approximately  600  mL  of  aqueous 
sample  should  be  collected  to  ensure  a  final  sample  digestion  volume  of  100  mL.  To 
reduce  the  probability  of  metal  hydrolysis,  metal  adsorption  onto  or  leaching  from  the 
sample  container,  or  chemical  transformation  through  bacterial  metabolism,  the 
aqueous  sample  must  be  preserved  with  the  addition  of  nitric  acid  such  that  the  final 
pH  is  less  than  pH  2.  At  least  200  grams  of  solid  sample  should  be  collected  to 
prepare  a  sample  digestion  volume  of  100  mL.  Usually  no  preservative  procedure  is 
required  for  solid  samples  other  than  storage  at  4‘’C  until  sample  analysis.  All  samples 
should  be  analyzed  within  180  days  of  sample  collection.  In  addition  to  the  targeted 
samples,  duplicates  and  spiked  matrices  should  be  included  in  the  analytical  program  to 
ascertain  the  reproducibility  and  accuracy  of  the  analytical  determination  (4200). 

Analytical  methods  available  for  analyzing  inorganic  arsenic  in  water,  soils  and 
waste  include  furnace  atomic  absorption  (Method  206.2),  gaseous  hydride  (Method 
206.3),  and  inductively  coupled  plasma  atomic  emission  spectrometry  (Method  200.7) 
techniques.  If  these  procedures  are  to  be  used  for  the  purpose  of  measuring  total 
arsenic  (inorganic  plus  organic),  all  organically  bound  arsenic  must  be  first  converted  to 
the  inorganic  form  prior  to  the  analytical  determination.  Depending  upon  the 
analytical  method,  acid  or  a  combination  of  acid  with  hydrogen  peroxide  is  used  to 
digest  the  samples.  Sample  preparation  procedures  specific  to  each  analytical  tech¬ 
nique  are  described  in  Methods  200.0,  200.7,  and  206.5  for  aqueous  samples  (4200)  and 
Methods  3005,  3010,  3020,  3040,  and  3050  for  solid  or  waste  samples.  Because  arsenic 
and  many  of  its  compounds  are  volatile,  quality  control  samples  should  be  processed 
with  the  samples  to  determine  whether  analyte  losses  have  occurred  during  the  sample 
dissolution  procedure  (4201). 
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The  atomic  absorption  techniques  are  probably  the  most  common  procedures 
for  determining  the  concentration  of  arsenic  in  water,  soil  and  waste  samples.  In  the 
graphite  furnace  technique,  a  representative  aliquot  of  the  sample  digestate  is  spiked 
with  nickel  nitrate  solution  and  placed  into  a  graphite  tube  furnace.  The  sample 
aliquot  is  then  slowly  evaporated  to  dryness,  charred,  and  atomized.  The  absorption  of 
hollow  cathode  or  electrodclcss  discharge  lamp  radiation  at  193.7  nm  will  be  propor¬ 
tional  to  the  arsenic  concentration.  The  technique  has  a  detection  limit  of  1  pg/L 
arsenic  and  a  detection  range  of  5-100  pg/L.  In  a  single  EPA  study,  sample  results 
using  this  technique  were  reproducible  to  within  2%  for  water  and  within  9%  for  waste 
effluent.  Arsenic  recovery  in  the  water  samples  ranged  from  101-105%  and  85-90%  in 
the  waste  effluent  (4200). 

The  gaseous  hydride  method  determines  inorganic  arsenic  when  present  in  con¬ 
centrations  at  or  above  2  pg/L.  The  method  is  applicable  to  drinking  water,  fresh  and 
saline  waters,  and  acid-digested  solid  samples  in  the  absence  of  high  concentrations  of 
chromium,  cobalt,  copper,  mercury,  molybdenum,  nickel  and  silver.  Arsenic  in  the 
sample  is  first  reduced  to  the  trivalcnt  state  using  stannous  chloride,  followed  by 
conversion  to  arsine  using  zinc  metal.  The  gaseous  hydride  is  swept  into  an  argon- 
hydrogen  flame  of  an  atomic  absorption  spectrometer.  Arsenic  spectral  absorption  is 
observed  at  a  wavelength  of  193.7  nm;  correction  for  spectral  interferences  are  made  by 
observing  optical  absorbance  at  a  background  wavelength.  The  working  range  of  the 
method  is  2-20  pg/L  and  the  detection  limit  is  2  pg/L.  The  reproducibility  at  10  pg/L 
is  approximately  +,1  pg/L;  the  recovery  is  93%  (4200). 

EPA  has  recently  approved  the  use  of  the  inductively  coupled  plasma  (ICP) 
atomic  emission  method  for  determining  compliance  with  existing  National  Primary 
Drinking  Water  Regulations  (4202).  The  technique  is  based  upon  the  simultaneous  or 
sequential  multi-element  measurement  of  atomic  emission  of  trace  elements.  A  pre¬ 
served  and/or  digested  sample  is  nebulized  to  form  an  aerosol  that  is  introduced  into  a 
high  temperature  plasma  where  atomic  excitation  occurs.  Characteristic  atomic-line 
emission  spectra  are  produced  by  a  radio-frequency  inductively  coupled  plasma  and  are 
dispersed  by  a  grating  spectrometer.  The  line  intensities,  which  arc  a  measurement  of 
elemental  concentrations,  are  monitored  by  photomultiplier  tubes.  Optical 
compensation  techniques  are  used  to  correct  for  spectral  interferences.  The  ICP 
detection  limit  for  arsenic  is  53  pg/L.  To  meet  the  regulation  requirements  for  the 
determination  of  arsenic  in  drinking  water,  samples  are  concentrated  prior  to  ICP 
analysis.  The  concentration  procedure  is  described  in  the  Appendix  to  Method  200.7. 

In  an  EPA  evaluation  of  the  reproducibility  and  accuracy  of  the  ICP  method,  the  mean 
percent  relative  standard  deviation  for  triplicate  analysis  of  22  elements  was  found  to 
be  9%.  The  mean  percent  recovery  of  spiked  elements  for  all  waste  samples  was  93%. 


Detection  Limit 

Method 

53  pg/L  (aqueous  &  nonaqueous)* 

200.7 

1  pg/L  (aqueous  &  nonaqueous) 

206.2 

2  pg/L  (aqueous  &  nonaqueous) 

206.3 

This  detection  limit  dews  not  include  any  preconcentration  factor. 
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COMMON  SYNONYMS: 

CAS.  Reg.  No.:  7440-02-0 

NIOSHNo.:  OR  5950000 

Nickel  (dust,  powder) 

EPA  Hazardous  Waste  No.:  ND 

Nickel  270 

Nickel  sponge 

NP2 

Raney  nickel 

Chcmkal  Symbol:  Ni 

Raney  catalyst  28 

Cl  77775 

REACTIVITY  (6200) 


Powdered  nickel  may  ignite  spontaneously  in  air.  Flammable  as  dust  or  fume. 
Reacts  violently  with  fluorine,  ammonium  nitrate,  hydrazine,  ammonia,  hydrogen 
plus  dioxane,  performic  acid,  phosphorus,  selenium,  sulfur,  and  titanium  plus 
potassium  chlorate.  Incompatible  with  oxidants  such  as  bromine  pentafluoride, 
peroxyformic  acid,  potassium  perchlorate,  chlorine,  nitryl  fluoride,  and  ammon¬ 
ium  nitrate.  Raney-nickel  catalysts  may  initiate  dangerous  reactions  with 
ethylene  plus  aluminum  chloride;  p-dioxane;  hydrogen  plus  oxygen;  magnesium 
silicate;  methanol;  organic  solvents  plus  heat;  sulfur  compounds. 


PHYSICO-CHEMICAL  DATA 

• 

Atomic  Weight:  58.7 

(6200) 

• 

Atomic  Number:  28 

(6200) 

• 

Group  and  Valence:  2,  0;  seldom  1,  .1,  or  4 

(6202) 

• 

Physical  State:  Solid 

(6200) 

• 

Color:  Silvery-white 

(6200) 

• 

Odor:  Odorless 

(6200) 

• 

Odor  'Fhreshold:  NA 

• 

Density:  8.90  at  25°  C 

(6200) 

• 

Melting  Point:  1455°C 

(6200) 

• 

Boiling  Point:  27.^0°  C 

(6200) 

• 

Flash  Point:  ND 

• 

Flammable  Limits:  ND 

• 

Autoignition  Temperature:  ND 

• 

Vapor  Pressure:  1  mm  at  1810°  C 

(6200) 

• 

Saturated  Concentration  in  Air:  NA 

76-2 
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PHYSICO-CHEMICAL  DATA  (ConL) 


Solubility  in  Water:  Insoluble 

Viscosity:  NA 

Surface  Tension:  NA 

Log  (Octanol-Water  Partition  Coeff.):  NA 

Soil-Water  Distribution  Coeff.:  NA 

Henry’s  Law  Constant:  NA 

Bioconcentration  Factor:  2,000  -  40,000  (algae) 

40  (freshwater  fish) 


(6204) 


(6204) 


HANDLING  PRECAUTIONS  (6202,6205) 


May  cause  dermatitis  in  sensitive  individuals.  Avoid  repeated  or  prolonged 
exposure,  wash  promptly  upon  contamination.  Change  work  clothing  daily.  Any 
supplied  respirator  with  full  face-plate  and  operated  in  a  pressure-demand  or 
other  positive-pressure  mode  in  combination  with  an  auxiliary  self-contained 
breathing  apparatus  operated  in  a  pressure-demand  or  other  positive  pressure 
mode. 
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COMMON  SYNONYMS: 

Nickel  acetate 
Nickelous  acetate 
Acetic  acid,  nickel(II)  salt 


CAS.  Reg.  No.:  373-02-4 
NIOSHNo.:  QR  6125000 
EPA  Hazardous  Waste  No.:  ND 


Chemical  Formula:  C4H604'Ni 


REACTIVITY  (6200) 


When  heated  to  decomposition  nickel  acetate  will  release  irritating  fumes. 


PHYSICO-CHEMICAL  DATA 

• 

Molecular  Weight:  176.81 

(6200) 

• 

Physical  State:  Solid,  crystalline 

(6200) 

• 

Color:  Green 

(6200) 

• 

Odor:  None 

(6207) 

• 

Odor  Threshold:  NA 

• 

Density:  1.74  at  20°  C 

(6207) 

• 

Melting  Point:  NA/decomposes 

(6207) 

• 

Boiling  Point:  16.6°C 

(6228) 

• 

Flash  Point:  NA 

• 

Flammable  Limits:  NA 

• 

Autoignition  Temperature:  NA 

• 

Vapor  Pressure:  NA 

• 

Saturated  Concentration  in  Air:  NA 

• 

Solubility  in  Water:  ND 

(6228) 

• 

Viscosity:  NA 

• 

Surface  Tension:  NA 

• 

Log  (Octanol- Water  Partition  Coeff.):  NA 

• 

Soil- Water  Distribution  Coeff.: 

• 

Henry’s  Law  Constant:  ND 

• 

Bioconcentration  Factor:  ND 

16-A  NICKEL  —  NICKEL  ACETATE 


HANDLING  PRECAUTIONS  (6207) 


Avoid  contact  with  solid  and  dust.  Wear  rubber  gloves,  safety  goggles  and 
protective  clothing.  Use  Bureau  of  Mines  approved  respirator. 
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COMMON  SYNONYMS: 

CAS.  Reg.  No.:  15699-18-0 

NIOSHNo.:  ND 

Nickel  ammonium  sulfate 
Ammonium  nickel  sulfate 

EPA  Hazardous  Waste  No.:  ND 

Nickel  ammonium  sulfate 

hexahydrate 

Ammonium 

Chemical  Formula:  NiS04-(NH4)-6H20 

disulfatonickelate  (II) 

REACnVITY  (6207) 


Toxic  gases  may  be  released  when  heated. 


PHYSICO-CHEMICAL  DATA 


Molecular  Weight:  395.0 

Physical  State:  Solid,  crystalline 

Color:  Dark  green-blue 

Odor:  Odorless 

Odor  Threshold:  NA 

Density:  1.92  at  20°  C 

Melting  Point:  ND 

Boiling  Point:  Decomposes 

Flash  Point:  NA 

Flammable  Limits:  NA 

Autoignition  Temperature:  NA 

Vapor  Pressure:  NA 

Saturated  Concentration  in  Air:  NA 

Solubility  in  Water:  Sinks  and  mixes  slowly 

Viscosity:  NA 

Surface  Tension:  NA 

Log  (Octanol-Water  Partition  Coeff.):  NA 

Soil-Water  Distribution  Coeff.:  NA 

Henry’s  Law  Constant:  NA 

Bioconcentration  Factor:  ND 


(6207) 

(6201,  6207) 

(6207) 

(6207) 

(6207) 

(6207) 


(6207) 
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HANDLING  PRECAUTIONS  (6207) 


Use  rubber  gloves,  face  shield  or  safety  glasses,  Bureau  of  Mines  approved 
respirator.  Wear  protective  clothing. 
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COMMON  SYNONYMS: 

Nickel  carbonate 
C.I.  77779 
Nickelous  carbonate 


CAS.  Reg.  No.:  .^33-67-3 
NIOSHNo.:  QR  6200000 
EPA  Hazardous  Waste  No.:  NA 


Chemical  Formula:  CNiO^ 


REACTIVITY  (6205) 


Incompatible  with  strong  acids.  Toxic  gases  may  be  released  when  heated  to 
decomposition. 


PHYSICO-CHEMICAL  DATA 


Molecular  Weight:  118.72 
Physical  State:  Solid,  crystalline 
Color:  Light  green 
Odor:  ND 
Odor  Threshold:  ND 
Density:  ND 

Melting  Point:  decomposes 

Boiling  Point:  ND 

Flash  Point:  ND 

Flammable  Limits:  ND 

Autoignition  Temperature:  ND 

Vapor  Pressure:  ND 

Saturated  Concentration  in  Air:  ND 

Solubility  in  Water:  0.0093  g/ml 

Viscosity:  NA 

Surface  Tension:  NA 

Log  (Octanol-Water  Partition  Coeff.):  NA 

Soil-Water  Distribution  Coeff.:  NA 

Henry’s  Law  Constant:  NA 

Bioconcentration  Factor:  ND 


(6200) 

(6200) 

(6200) 


(6228) 


(6228) 


NICKEL  -  NICKEL  CARBONATE 


HANDLING  PRECAUTIONS  (6205) 


Use  goggles,  barrier  shields  or  other  devices  as  necessary  for  personal  protection. 
Use  respirator  with  full  facepiece  and  operated  in  a  pressure-demand  or  other 
positive  pressure  mode  in  combination  with  an  auxiliary  self-contained  breathing 
apparatus  operated  in  a  pressure-demand  or  other  positive  pressure  mode. 
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COMMON  SYNONYMS: 

Nickel  carbonyl 

Nickel  tetracarbonyl 

CAS.  Reg,  No.:  134-39-3 

NIOSHNo.:  QR  6300000 

EPA  Hazardous  Waste  No.:  ND 

Chemical  Formula:  Ni(CO)4 

REACnVTTY  (6200) 


Vapor  and  liquid  are  flammable  and  should  not  be  exposed  to  heat,  flame,  or 
oxidizers.  M^erate  explosion  hazard  when  exposed  to  heat  or  flame.  Explodes 
when  heated  to  60°  C.  Violently  reacts  with  air,  oxygen,  or  dinitrogen  tctraoxide. 
Produces  an  explosive  reaction  in  combination  with  liquid  bromine;  mercury  + 
oxygen;  oxygen  +  butane.  Releases  carbon  monoxide  when  heated  to  decom¬ 
position  or  when  in  contact  with  acids  or  acid  fumes.  Nickel  carbonyl  is  highly 
lipid  soluble  and  is  soluble  in  alcohol,  benzene,  chloroform,  acetone,  and  carbon 
tetrachloride. 


PHYSICO-CHEMICAL  DATA 


Molecular  Weight:  170.75 
Physical  State:  Liquid 
Color:  Colorless  to  yellow 
Odor:  Musty,  stale  odor 
Odor  Threshold:  ND 
Density:  1.3185  at  17°  C 
Melting  Point:  -25°C/-19.3°C 
Boiling  Point:  43°  C  at  1  atm 
Flash  Point:  <-4°C 
Flammable  Limits:  2%  (LFL) 

Autoignition  Temperature:  <200°C  (vapor) 
Vapor  Pressure:  400mm  at  25.8°  C 
Saturated  Concentration  in  Air:  Oxidizes  in  air 
Solubility  in  Water:  Insoluble 
Viscosity:  ND 

Surface  Tension:  15.9  dynes/cm  at  20°  C 
Log  (Octanol- Water  Partition  Coeff.):  ND 
Soil- Water  Distribution  Coeff.:  NA 
Henry’s  Law  Constant:  ND 
Bioconcentration  Factor:  ND 


(6200) 

(6200) 

(6200,  6207) 
(6207) 

(6200) 

(6207,  6200) 

(6207) 

(6200) 

(6207) 

(6207) 

(6200) 

(6200) 

(6200) 

(6207) 


NICKEL  -  NICKEL  CHLORIDE 


76-11 


COMMON  SYNONYMS: 

Nickel  chloride 
Nickel  chloride 
hexahydrate 
Nickelous  chloride 


CAS.  Reg.  No.:  7791-20-0 
NIOSHNo.:  QR  6480000 
EPA  Hazardous  Waste  No.:  ND 


Chemical  Formula: 


NiCl2‘6H20  (hexahydrate) 


REACTIVITY  (6200,  6201) 


Nickel  chloride  is  soluble  in  water,  alcohol,  and  ammonium  hydroxide.  Reacts 
violently  with  potassium.  At  its  heat  of  decomposition  it  emits  very  toxic  chlorine 
fumes. 


PHYSICO-CHEMICAL  DATA 


Molecular  Weight:  237.73  for  Cl2Ni^H20; 

129.60  for  NiClj 
Physical  State:  Solid,  crystalline 
Color:  Green  (Cl2Ni'6H20);  yellow  (NiClj) 
Odor:  None 
Odor  Threshold:  None 
Density:  3.55(NiCl2)  at  15°  C 
Melting  Point:  1001°  C 
Boiling  Point:  sublimes  at  987°  C 
Flash  Point:  Nonflammable 
Flammable  Limits:  NA 
Autoignition  Temperature:  NA 
Vapor  Pressure:  1  mm  Hg  at  671°C 
Saturated  Concentration  in  Air:  ND 
Solubility  in  Water:  64.2  g  NiCyiOO  ml; 

254  g  NiCl2’6H20/100  ml 

Viscosity:  NA 
Surface  Tension:  NA 
Log  (Octanol-Water  Partition  Coeff.):  NA 
Soil- Water  Distribution  Coeff.:  NA 
Henry’s  Law  Constant:  NA 
Bioconcentration  Factor:  ND 


(6200) 

(6200) 

(6207) 

(6207) 

(6207) 

(6207) 

(6207) 

(6200) 

(6200) 

(6200) 

(6200) 

(6200) 

(6228) 


12  NICKEL  —  NICKEL  CHLORIDE 

HANDLING  PRECAUTIONS  (6207) 

Avoid  contact  with  solid  and  dust.  Wear  goggles  or  face  shield;  protective 
gloves.  Wear  protective  clothing;  Bureau  of  Mines  approved  respirator. 


NICKEL  -  NICKEL  CYANIDE 


76-13 


COMMON  SYNONYMS: 

Nickel  cyanide 

Nickel  (II)  cyanide 

CAS.  Reg.  No.:  557-19-7 

NIOSHNo.:  QR  649500 

EPA  Hazardous  Waste  No.:  NA 

Chemical  Formula:  Ni(CN)2-4H20 

REACTIVITY  (6207) 


Incandescent  reaction  when  heated  with  magnesium.  When  heated  to 
decomposition,  nickel  cyanide  will  release  highly  toxic  CN'  fumes. 


HANDLING  PRECAUTIONS  (6207) 


Molecular  Weight:  1 10.73 

Physical  State:  Solid 

Color:  Light  green  or  yellow-brown 

Odor:  Weak  cyanide  or  almond-like  odor 

Odor  Threshold:  ND 

Density:  2.4  at  25°  C 

Melting  Point:  Loses  4  H2O  at  200°  C 

Boiling  Point:  Decomposes 

Flash  Point:  NA 

Flammable  Limits:  NA 

Autoignition  Temperature:  NA 

Vapor  Pressure:  NA 

Saturated  Concentration  in  Air:  NA 

Solubility  in  Water:  Insoluble 

Viscosity:  NA 

Surface  Tension:  NA 

Log  (Octanol- Water  Partition  Coeff.);  NA 

Soil- Water  Distribution  Coeff.:  NA 

Henry’s  Law  Constant:  NA 

Bioconcentration  Factor:  ND 


(6228) 

(6207) 

(6207) 

(6207) 

(6207) 

(6201) 

(6207) 


(6228) 


76-14  NICKEL  -  NICKEL  CYANIDE 


HANDLING  PRECAUTIONS  (6207) 


Wear  rubber  gloves  and  goggles.  Wear  respirator  or  dust  mask. 


NICKEL  -  NICKEL  HYDROXIDE 


76-15 


COMMON  SYNONYMS: 

Nickel  hydroxide 
Nickel(II)  hydroxide 
Nickelous  hydroxide 
Nickelic  hydroxide 


CAS.  Reg.  No.:  12054-48-7 
NIOSHNo.:  QR  7040000 
EPA  Hazardous  Waste  No.:  NA 


Chemical  Formula:  Ni(OH)2 


No  data  were  located  regarding  special  considerations  for  the  reactivity  of  nickel 
hydroxide. 


PHYSICO-CHEMICAL  DATA 

0 

Molecular  Weight:  92.70 

(6228) 

0 

Physical  State:  Solid 

(6201) 

0 

Color:  Green 

(6201) 

0 

Odor:  ND 

0 

Odor  Threshold:  ND 

0 

Density:  4.15 

(6228) 

0 

Melting  Point:  Decomposes  at  230®  C 

(6228) 

0 

Boiling  Point:  ND 

0 

Flash  Point:  ND 

0 

Flammable  Limits:  ND 

0 

Autoignition  Temperature:  ND 

0 

Vapor  Pressure:  ND 

0 

Saturated  Concentration  in  Air:  ND 

0 

Solubility  in  Water:  0.013  g/ml 

(6228) 

0 

Viscosity:  ND 

0 

Surface  Tension:  ND 

0 

Log  (Octanol-Water  Partition  <^oeff.):  ND 

0 

Soil- Water  Distribution  Coeff.:  itD 

0 

Henry’s  Law  Constant:  ND 

0 

Bioconcentration  Factor:  ND 

76-16 


NICKEL  -  NICKEL  HYDROXIDE 


NICKEL  -  NICKEL  NITRATE 


76-17 


COMMON  SYNONYMS: 

Nickel  nitrate 

Nickel  (II)  nitrate 

CAS.  Reg.  No.:  13138-45-9 

NIOSHNo.:  QR  7200000 

EPA  Hazardous  Waste  No.:  NA 

Chemical  Formula:  Ni(N03)2 

REACTIVITY  (6200) 


Contact  of  solid  nickel  nitrate  with  wood  or  paper  may  cause  fire.  When  heated 
to  decomposition  nickel  nitrate  emits  very  toxic  fumes  of  NO^ 


PHYSICO-CHEMICAL  DATA 


Molecular  Weight:  182.73 

Physical  State:  Solid,  crystalline 

Color:  Green 

Odor:  NA 

Odor  Threshold:  NA 

Density:  2.05 

Melting  Point:  56.7°  C 

Boiling  Point:  136.7°C 

Flash  Point:  Nonflammable 

Flammable  Limits:  NA 

Autoignition  Temperature:  NA 

Vapor  Pressure:  NA 

Saturated  Concentration  in  Air:  NA 

Solubility  in  Water:  238.5  g/ml  (hexahydrate) 

Viscosity:  NA 

Surface  Tension:  NA 

Log  (Octanol- Water  Partition  Coeff.):  NA 

Soil- Water  Distribution  Coeff.:  NA 

Henry’s  Law  Constant:  NA 

Bioconcentration  Factor:  ND 


(6200) 

(6200) 

(6200) 


(6200) 

(6200) 

(6200) 

(6207) 


(6228) 


76-18 


NICKEL  -  NICKEL  NITRATE 


HANDLING  PRECAUTIONS  (6207) 


Avoid  contact  with  solid  and  dust.  Wear  gloves,  face  shield  or  safety  goggles, 
protective  clothing.  Bureau  of  Mines  approved  respirator. 


NICKEL  -  NICKEL  OXIDE 


76-19 


COMMON  SYNONYMS: 

Nickel  oxide 
Nickel  monoxide 
Bunsenite 
Nickelous  oxide 
Green  nickel  oxide 
Nickel  protoxide 


CAS.  Reg.  No.:  1313-99-1 
NIOSHNo.:  QR  8400000 
EPA  Hazardous  Waste  No.:  ND 


Chemical  Formula:  NiO 


REACnVITY  (6200) 


May  react  violently  with  fluorine,  hydrogen  peroxide,  hydrogen  sulfide,  iodine,  or 
barium  oxide  +  air.  In  the  presence  of  air,  may  react  with  calcium  oxide  to  pro¬ 
duce  vivid  incandescence  or  explosion.  Insoluble  in  water  and  soluble  in  acids. 


PHYSICO-CHEMICAL  DATA 


Molecular  Weight:  74.71 

Physical  State:  Solid,  crystalline 

Color:  Green-black,  yellow  when  hot 

Odor:  NA 

Odor  Threshold:  NA 

E)ensity:  7.45 

Melting  Point:  1900®C 

Boiling  Point:  NA 

Flash  Point:  Nonflammable 

Flammable  Limits:  NA 

Autoignition  Temperature:  NA 

Vapor  Pressure:  NA 

Saturated  Concentration  in  Air:  NA 

Solubility  in  Water:  Insoluble 

Viscosity:  NA 

Surface  Tension:  NA 

Log  (Octanol-Water  Partition  Coeff.):  NA 

Soil- Water  Distribution  Coeff.:  NA 

Henry’s  Law  Constant:  NA 

Bioconcentration  Factor:  ND 


(6200) 

(6200) 

(6200) 


(6200) 

(6200) 

(6228) 

(6200) 


(6200) 


76-20  NICKEL  -  NICKEL  OXIDE 


HANDLING  PRECAUTIONS  (6205) 


Use  goggles,  barrier  shields,  and  other  devices  for  personal  protection.  Use 
polyvinyl,  not  rubber,  gloves.  Wear  protective  clothing.  Use  carefully  fitted 
mask  or  respirators  if  working  with  dust  or  gases. 


NICKEL  -  NICKEL  SUBSULFIDE 


76-21 


COMMON  SYNONYMS: 

Nickle  subsulfide 
Nickel  sulphide 
Nickel  suteulphide 
Heazlewoodite 
Nickel  sulfide 


CAS.  Reg.  No.:  12035-72-2 
NIOSHNo.:  QR  9800000 
EPA  Hazardous  Waste  No.:  NA 


Chemical  Formula:  Ni^S? 


REACnVITY  (6200) 


When  heated  to  decomposition,  nickel  subsuIOde  will  emit  toxic  fumes  of  SO^ 


PHYSICO-CHEMICAL  DATA 


Molecular  Weight:  240.25 

Physical  State:  Solid,  crystalline 

Color:  Bronze 

Odor:  Odorless 

Odor  Threshold:  NA 

Density:  5.82 

Melting  Point:  790*  C 

Boiling  Point:  NA 

Flash  Point:  Nonflammable 

Flammable  Limits:  NA 

Autoignition  Temperature:  NA 

Vapor  Pressure:  NA 

Saturated  Concentration  in  Air:  NA 

Solubility  in  Water:  Insoluble 

Viscosity:  NA 

Surface  Tension:  NA 

Log  (Octanol- Water  Partition  CoefF.):  NA 

Soil- Water  Distribution  Coeff.:  NA 

Henry’s  Law  Constant:  NA 

Bioconcentration  Factor:  ND 


(6200) 

(6200) 

(6228) 

(6228) 

(6228) 

(6228) 

(6228) 


(6228) 


76-22 


NICKEL  -  NICKEL  SUBSULFIDE 


HANDLING  PRECAUTIONS  (6205) 


Wear  protective  clothing.  Use  respirator  with  full  facepiece  and  operated  in  a 
pressure-demand  or  other  positive  pressure  mode  in  combination  with  an 
auxiliary  self-contained  breathing  apparatus  operated  in  a  pressure-demand  or 
other  positive-pressure  mode. 


NICKEL  -  NICKEL  SULFATE 


76-23 


COMMON  SYNONYMS. 

CAS.  Reg.  No.:  7786-81-4 

NIOSHNo.;  QR  9350000 

Nickel  sulfate 

Nickelous  sulfate 

EPA  Hazardous  Waste  No.:  NA 

Nickel(ll)  sultate 

NCI-C60344 

Chemical  Formula:  NiS04 

REACTIVITY  (6200) 


When  heated  to  decomposition  or  reacted  with  strong  acids  it  will  release  toxic 
fumes  of  SOjp 


PHYSICO-CHEMICAL  DATA 


Molecular  Weight:  154.77 

Physical  State:  Solid,  crystalline 

Color:  Yellow-green 

Odor:  Odorless 

Odor  Threshold:  NA 

Density:  3.68 

Melting  Point:  840®  C 

Boiling  Point:  ND 

Flash  Point:  Nonflammable 

Flammable  Limits:  NA 

Autoignition  Temperature:  NA 

Vapor  Pressure:  NA 

Saturated  Concentration  in  Air:  NA 

Solubility  in  Water:  29.3  g/ml 

Viscosity:  NA 

Surface  Tension:  NA 

Log  (Octanol-Water  Partition  Coeff.):  NA 

Soil- Water  Distribution  Coeff.:  NA 

Henry’s  Law  Constant:  NA 

Bioconcentration  Factor:  ND 


(6200) 

(6201) 

(6201) 

(6207) 

(6201) 

(6201) 

(6207) 


(6228) 


76-24 


NICKEL  -  NICKEL  SULFATE 


HANDLING  PRECAUTIONS  (6205) 


Wear  protective  clothing.  Use  respirator  with  full  facepiece  and  operated  in  a 
pressure-demand  or  other  positive-pressure  mode  in  combination  with  an 
auxiliary  self-contained  breathing  apparatus  operated  in  a  pressure-demand  or 
other  positive  pressure  mode. 


NICKEL 


76-25 


PERSISTENCE  IN  THE  SOH^WATER  SYSTEM  (6206) 


Nickel  is  extremely  persistent  in  soil  (primarily  as  nickel  ferrite)  and  has  an 
average  residence  time  of  2,400  to  3,500  years.  It  may  leach  through  soil  and 
enter  groundwater  systems.  Nickel  is  fairly  mobile  in  low  pH  and  low  cation  ex¬ 
change  capacity  mineral  soils,  and  is  less  mobile  in  basic  mineral  soils  or  those 
with  higher  organic  content.  Organic  complexing  agents  may  form  organo-nickcl 
complexes  thereby  restricting  mobility.  Acid  rain  will  tend  to  increase  nickel 
mobility  and  potential  for  groundwater  contamination.  There  are  no  data  sug¬ 
gesting  volatilization  of  nickel  from  water.  Water  soluble  forms  such  as  nickel 
acetate,  nickel  chloride,  nickel  sulfate  hexahydrate  and  nickel  nitrate  hexahydrate 
will  be  more  mobile  than  insoluble  forms. 


PATHWAYS  OF  EXPOSURE 


The  primary  pathways  of  concern  are  migration  of  nickel  from  soil/groundwatcr 
systems  into  drinking  water  supplies,  and  ingestion  of  nickel  via  its  bioaccumula¬ 
tion  in  agricultural  products  and  seafoods.  Volatilization  of  nickel  from  ground- 
water  sources  is  unlikely,  but  inhalation  of  nickel  and  nickel  compounds  in 
certain  industrial  settings  may  be  significant. 


76-26 


NICKEL 


HEALTH  HA2^ARD  DATA 


toms  of  Short-term  Human 


ure  (6200,  6206,  6207,  6379): 


With  the  exception  of  skin  allergies  in  sensitized  individuals,  short-term  toxic 
effects  in  humans  are  usually  associated  with  inhalation  of  vapors  or  dusts  con¬ 
taining  nickel  or  nickel  compounds.  Inhalation  of  these  may  cause  irritation  of 
the  respiratory  tract  resulting  in  coughing  and  shortness  of  breath.  Inhalation 
exposure  to  nickel  carbonyl  is  especially  hazardous  with  short-term  exposure 
causing  respiratory  tract  irritation,  eye  irritation,  headache,  giddiness,  dyspnea, 
weakness,  tachycardia,  and  death.  Signs  and  symptoms  may  also  occur  following 
ingestion,  dermal  or  oral  exposure,  ^posure  to  nickel  acetate  may  cause  irrita¬ 
tion  of  the  eyes  and  respiratory  tract,  and  vomiting.  Intake  of  nickel  sulfate  and 
nickel  chloride  (1.63  g  Ni/L)  resulted  in  rapid  onset  of  nausea,  vomiting, 
abdominal  discomfort,  diarrhea,  giddiness,  lassitude,  headache,  cough,  and 
shortness  of  breath. 


Acute  Toxicity  Studies: 


Inhalation: 


.30  ppm:  .30  min. 

7  m^m^ 

15  mg/m^ 

.360  ppm:  90  min. 
7.3  ^m^:  50  min. 
0.97  mg/m^:  6  hrs. 


(nickel  carbonyl) 
(nickel  carbonyl) 
(nickel) 

(nickel  carbonyl) 
(nickel  carbonyl) 
(nickel  subsullide) 


Human 

Human 

Guinea  pig 

Dog 

Rabbit 

Rat 


(6200) 

(6200) 

(6200) 

(6200) 

(6200) 

(6200) 


5  mg/kg 
>9,000  mg/kg 
.350  mg/kg 
105  mg/kg 

1,600  mg^g 

>5,000  mg^g 
1620  mg/kg 
>5,000  m^g 
300  mg/kg 
410  mg/kg 


(nickel) 

(nickel) 

(nickel  acetate) 
(nickel  chloride) 
(nickel  hydroxide) 
(nickel  oxide) 
(nickel  nitrate) 
(nickel  subsullide) 
(nickel  sulfate) 
(nickel  acetate) 


Guinea  pig 

Rat 

Rat 

Rat 

Rat 

Rat 

Rat 

Rat 

Rat 

Mouse 


(6200) 

(6206) 

(6200) 

(6200) 

(6206) 

(6206) 

(6200) 

(6206) 

(6206) 

(6200) 


E)crmal: 


Quantitative,  acute  toxicity  data  regarding  dermal  exposure  were  not  located  for 
nickel  or  nickel  compounds. 


NICKEL 


76-27 


HEALTH  HAZARD  DATA  (ConL) 


Long-Term  Effects: 


Nickel  dermatitis,  respiratory  irritation  (rhinitis,  sinusitis),  and  asthma  in  humans, 
and  compromised  immune  system  function  in  animals. 


Animal  studies  have  provided  evidence  for  developmental/reproductive  toxicity 
due  to  nickel  and/or  nickel  compounds. 


Genotoxicitv  Data: 


Carcinogenicity  Qassification: 

lARC  —  Nickel  and  nickel  compounds  (nickel  powder,  subsulfide,  oxide, 

hydroxide,  carbonate,  carbonyl,  nickelocene,  nickel  iron-sulfide  matec, 
nickelous  acetate)  are  classified  as  Group  1  (carcinogenic  to  humans). 
Metallic  nickel  is  classified  as  Group  2B  (possibly  carcinogenic  to 
humans) 

NTP  —  Results  pending 

EPA  —  Nickel  dust  and  nickel  subsulfide  classified  as  Group  A  (human 

carcinogen).  Nickel  carbonyl  classified  as  Group  B2  (probable  human 
carcinogen,  inadequate  evidence  in  humans,  sufficient  evidence  in 
animals). 


76-28 


NICKEL 


ENVIRONMENTAL  AND  OCCUPATIONAL 

STANDARDS  AND  CRITERIA 

AIR  EXPOSURE  LIMITS: 

Standards 

•  OSHA  TWA  (8-hr  TWA): 

Nickel  carbonyl:  0.007  mg  Ni/m^ 

Nickel  metal:  1  mg/m^ 

Insoluble  nickel  compounds:  1  mg  Ni/m^ 

Soluble  nickel  compounds:  0.1  mg  Ni/m^ 

•  OSHASTEL(15-min): 

None  established 

•  AFOSH  PEL  (8-hr  TWA): 

Nickel  carbonyl:  0.007  mg  Ni/m^ 

Nickel  metal:  1  mg  Ni/m^ 

Insoluble  nickel  compounds:  1  mg  Ni/m^ 

Soluble  nickel  compounds:  0.1  mg  Ni/m^ 

Criteria 

•  NIOSH  REL  (8-hr  TWA): 

Nickel  carbonyl:  0.007  mg  Ni/m^ 

Inorganic  nickel  compounds:  0.015  mg  Ni/m^ 

•  NIOSH  STEL  (15-min  ceiling): 

ND 

•  ACGIH  TLV*  (8-hr  TWA): 

Nickel  dust:  1.0  mg  Ni/m^ 

Insoluble  nickel  compounds:  1.0  mg  Ni/m^ 
Soluble  nickel  compounds:  0.1  mg  Ni/m^ 

Listed  under  Notice  of  Intended  Changes 
for  1989-1990:  0.05  mg  Ni/m^  (nickel  metal, 
insoluble  nickel  compounds,  soluble  nickel 
compounds)  (6.175) 

•  ACGIH  STEL  (15-min): 

ND 

NICKEL 


76-29 


76-30 


NICKEL 


ENVIRONMENTAL  AND  OCCUPATIONAL 
STANDARDS  AND  CRITERIA  (ConL) 


•  Aquatic  life 

—  Freshwater  species 

For  total  recoverable  nickel,  the  criterion  (in  pg/L)  for  protection  of 
freshwater  species  is  defined  by:  as  a  24-hour  average 

and  should  not  exceed  at  any  time  the  numerical  value  defined  by 

,,(0.76(ln(hardoen)|  -I-  4.02) 

w  • 

Acute  toxicity:acute  toxicity  values  for  22  species  ranged  from  510  pg/L 
fPaphnia  magna'I  to  46,200  pg/L  for  banded  killifish. 

Chronic  toxicity:  chronic  data  for  two  invertebrate  species  were  14.8  pg/L 
for  Daphnia  magna  in  soft  water  to  530  pg/L  for  the  fathead  minnow  in 
hard  water. 

—  Saltwater  species 

For  total  recoverable  nickel  the  criterion  (in  pg/L)  to  protect  saltwater 
species  is  7.1  pg/L  as  a  24-hour  average  and  should  not  exceed  at  any  time 
140  pg/L. 

Acute  toxicity:  acute  toxicity  values  ranged  from  152  pg/L  for  a  mysid 
shrimp  to  350,000  pg/L  for  the  mummichog  fish. 

Chronic  toxicity:  a  chronic  toxicity  value  of  141  pg/L  was  obtained  for  a 
mysid  shrimp. 

REFERENCE  DOSES:  (6377) 

•  Inhalation:  ND 

•  Oral:  20  pg/kg/day  (soluble  nickel  salts) 


NICKEL 


76-31 


REGULATORY  STATUS  (as  of  Ol-MAR-90) 


Promulgated  Regulations 
•  Federal  Programs 

Clean  Water  Act  (CWA) 

The  following  nickel  compounds  have  been  designated  as  hazardous  sub¬ 
stances  under  the  CWA:  nickel  ammonium  sulfate,  nickel  chloride,  nickel 
hydroxide,  nickel  nitrate,  and  nickel  sulfate  (7015).  The  reportable  quantity 
(RQ)  limit  has  been  set  at  4.54  kg  (10  lbs)  for  nickel  hydroxide,  and  45.4  kg 
(100  lbs)  for  the  remaining  hazardous  nickel  compounds  (7016).  Nickel  and 
nickel  compounds  are  listed  as  toxic  pollutants,  subject  to  general  pretreat¬ 
ment  regulations  for  new  and  existing  sources,  and  effluent  standards  and 
guidelines  (7017,  7018).  Effluent  limitations  for  nickel  exist  in  the  following 
point  source  categories:  electroplating  (7025),  organic  chemicals,  plastics  and 
synthetic  fibers  (7030),  inorganic  chemicals  manufacturing  (7019),  iron  and 
steel  manufacturing  (7032),  nonferrous  metals  manufacturing  (7020),  steam 
electric  power  generating  (7021),  metal  finishing  (7026),  ore  mining  and 
dressing  (7023),  battery  manufacturing  (7027),  porcelain  enameling  (7037), 
copper  forming  (7039),  and  nonferrous  metals  forming  and  metal  powders 
(7028).  Effluent  limitations  for  total  metals  exist  in  the  electroplating  point 
source  category  (7025).  Limitations  vary  depending  on  the  type  of  plant  and 
industry. 


Safe  Drinking  Water  Act  (SDWA) 

Nickel  is  on  the  list  of  83  contaminants  required  to  be  regulated  under  the 
SDWA  Amendments  of  1986  (7050).  The  Environmental  Protection  Agency 
(EPA)  has  established  a  maximum  contaminant  level  (MCL)  and  maximum 
contaminant  level  goal  (MCLG)  of  0.1  mg/L  for  nickel  (6407).  In  states  with 
an  approved  Underground  Injection  Control  program,  a  permit  is  required  for 
the  injection  of  nickel-containing  wastes  designated  as  hazardous  under 
RCllA  (7054). 

Restiurce  Conservation  and  Recovery  Act  (RCRA) 

Nickel  carbonyl  (#P073)  and  nickel  cyanide  (#P074)  are  identified  under 
RCkA  as  acute  hazardous  war.^es  (7078).  Nickel,  nickel  compounds,  nickel 
carbonyl,  and  nickel  cyanide  are  all  listed  as  hazardous  waste  constituents 
(7080).  A  non-specific  source  of  nickel-containing  hazardous  waste  is  waste- 
water  treatment  sludge  from  electroplating  operations  (#F006)  (7075,  7077). 
Nickel  is  subject  to  land  disposal  restrictions  when  its  concentration  as  a 
hazardous  waste  constituent  exceeds  designated  levels.  The  following  land 
disposal  prohibition  effective  dates  have  been  set  for  the  designated  nickel- 
containing  hazardous  wastes:  August  8,  1988  for  waste  number  F006,  and 
June  8,  1989  for  waste  number  P074.  These  wastes  are  prohibited  from  land 
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REGULATORY  STATUS  (ConL) 


certain  hazardous  waste  treatment,  storage,  and  disposal  op)erations  conducted 
under  RCRA,  and  any  emergency  response  to  incidents  involving  hazardous 
substances.  The  standard  lists  employee  protection  requirements  during 
initial  site  characterization  analysis,  monitoring  activities,  materials  handling 
activities,  training,  and  emergency  response  requirements  (7003). 

Qcan  Air  Act  (CAA) 

After  consideration  of  the  data  regarding  serious  health  effects  from  ambient 
air  exposure  to  nickel,  EPA  has  decided  not  to  regulate  nickel  as  a  hazardous 
air  pollutant  (7063). 

Hazardous  Materials  Transportation  Act  (HMTA) 

The  Department  of  Transportation  has  designated  the  following  nickel  com¬ 
pounds  as  hazardous  materials,  subject  to  requirements  for  packaging,  labeling 
and  transportation:  nickel,  nickel  ammonium  sulfate,  nickel  carbonyl,  nickel 
chloride,  nickel(II)  cyanide,  nickel  hydroxide,  nickel  nitrate,  and  nickel  sulfate. 
Reportable  quantities  (RQs)  have  b^n  set  at  4.54  kg  (10  lbs)  for  nickel 
carbonyl,  nickcl(II)  cyanide,  and  nickel  hydroxide,  and  45.4  kg  (100  lbs)  for 
the  remaining  nickel  compounds  (7010). 

Marine  Protection.  Research,  and  Sanctuaries  Act  (MPRSA) 

Ocean  dumping  of  organohalogen  compounds  as  well  as  the  dumping  of  oils 
or  known  or  suspected  carcinogens,  mutagens,  or  teratogens  is  prohibited 
except  when  they  are  present  as  trace  contaminants.  Permit  applicants  are 
exempt  from  these  regulations  if  they  can  demonstrate  that  such  chemical 
constituents  are  non-toxic  and  non-bioaccumulative  in  the  marine  environ¬ 
ment  or  are  rapidly  rendered  harmless  by  physical,  chemical  or  biological 
processes  in  the  sea  (7009). 

•  State  Water  Programs 

ALL  STATES 

All  states  have  adopted  EPA  Ambient  Water  Quality  Criteria  and  NPDWRs 
(see  Water  Exposure  Limits  section)  as  their  promulgated  state  regulations, 
either  by  narrative  reference  or  by  relisting  the  specific  numeric  criteria. 

These  states  have  promulgated  additional  or  more  stringent  criteria: 

DISTRICT  OF  COLUMBIA 

The  District  of  Columbia  has  an  aquatic  life  criterion  of  100.0  /ig/L  for  nickel 
in  class  C  surface  waters  (7121). 
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NEW  YORK 

New  York  has  an  ambient  water  quality  criterion  of  7.1  tigfL  for  nickel  in 
marine  surface  waters  classed  for  fishing  and  fish  propagation  (SA,SB,SC)  and 
140  |ig/L  for  marine  surface  waters  clawed  for  fishing  and  fish  survh'al  (SD) 
(7119). 

NORTH  CAROLINA 

North  Carolina  has  set  a  water  quality  criterion  of  88  i^g/L  for  nickel  in  all 
fresh  surface  waters  (7113). 

VIRGINIA 

Virginia  has  set  7.1  /ig/L  as  the  water  quality  chronic  criterion  for  the 
protection  of  aquatic  life  in  saltwater  surface  waters  (7115). 

WYOMING 

Wyoming  has  a  water  quality  criterion  of  0.2  mg/L  for  class  II  (agriculture) 
groundwaters  (7120). 


•  Federal  Programs 

Safe  Drinking  Water  Act  (SDWA) 

Although  it  is  not  regulat^  at  this  time,  the  Environmental  Protection 
Agency  (EPA)  is  considering  proposing  a  maximum  contaminant  level 
(MCL)  and  a  maximum  contaminant  level  goal  (MCLG)  of  0.1  mg/L  for 
nickel  as  part  of  the  Phase  V  proposal  scheduled  for  June,  1990  (7053, 
7057). 
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Resource  Conseivation  and  Recovery  Act  (RCRA) 

EPA  has  proposed  that  nickel  carbonyl-containing  hazardous  wastes  (#P073) 
be  prohibited  from  land  disposal  or  underground  injection,  effective  May  8, 
19%,  unless  designated  treatment  standards  or  statutory  no  migration 
standards  are  met.  Final  action  on  this  rule  is  expected  by  May,  1990  (7085). 

•  State  Water  Programs 

MOST  STATES 

Most  states  are  in  the  process  of  revising  their  water  programs  and  proposing 
changes  in  their  regulations  which  will  follow  EPA’s  changes  when  they 
become  final.  Contact  with  the  state  officer  is  advised.  Changes  are 
projected  for  1990-91  (7058)  (see  Appendix  4). 

ILLINOIS 

Illinois  has  proposed  a  general  use  water  quality  criterion  of  1.0  mg/L  nickel 
in  all  state  waters  (7130). 
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EEC  Directives 


Directive  on  Drinking  Water  (7086) 

The  mandatory  values  for  total  nickel  in  surface  water  treatment  categories 
Al,  A2  or  A3  are  0.05  mg/L.  No  guideline  values  are  given. 

Directive  on  Discharge  of  Dangerous  Substances  (7088) 

Nickel  cannot  be  discharged  into  inland  surface  v/aters,  territorial  waters  or 
internal  coastal  waters  without  prior  authorization  from  member  countries 
which  issue  emission  standards.  A  system  of  zero-emission  applies  to 
discharge  of  the  substances  into  ground  water. 

Directive  on  the  Quality  of  Shellfish  Waters  (7090) 

The  mandatory  specifications  for  nickel  specify  that  the  concentration  of  each 
substances  in  the  shellfish  water  or  in  the  shellfish  flesh  must  not  reach  or 
exceed  a  level  which  has  harmful  effects  on  the  shellflsh  and  larvae.  The 
synergistic  effects  of  other  metals  must  be  taken  into  consideration.  The 
guideline  specifications  state  that  the  concentration  of  nickel  in  shellfish  must 
be  so  limited  that  it  contributes  to  the  high  quality  of  shellfish  product. 

Directive  on  Ground  Water  (7091) 

To  ensure  the  effective  protection  of  groundwater  in  the  Community  it  is 
necessary  to  limit  the  discharge  of  nickel  in  groundwater.  The  purpose  of  this 
directive  is  to  prevent  pollution  of  groundwater  substances  belonging  to 
substances  listed  in  the  Annex  of  this  directive.  Nickel  shall  be  subject  to 
prior  review  so  as  to  limit  discharge  into  groundwater.  Member  states  may 
grant  authorization,  provided  that  all  technical  precautions  for  preventing 
groundwater  pollution  by  nickel  has  been  observed. 

Directive  Relatine  to  the  Quality  of  Water  Intended  for  Human  Consumption 


(7092) 

The  maximum  admissible  concentration  for  nickel  is  50  pg/L.  No  guide  level 
is  given  for  nickel. 

EKrective  on  the  Qassification.  Packarine  and  Labeling  of  Dangerous 


Substances  (7095) 

Nickel  carbonyl  is  classified  as  a  flammable,  toxic  substance  and  is  subject  to 
packaging  and  labeling  regulations.  Nickel  carbonyl  may  contain  a  stabilizer. 
If  the  stabilizer  changes  the  dangerous  properties  of  this  substance,  substance 
should  be  labeled  in  accordance  to  rules  in  Annex  I  and  EEC/884/490,  July 
22,  1989. 
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Directive  on  Major  Accident  Hazards  of  Certain  Industrial  Activities  (7100) 
Nickel  tetracarbonyl  manufacturers  are  required  to  notify  competent 
authorities  if  it  is  stored  or  processed  in  quantities  in  excess  of  10  kg.  If  a 
major  accident  occurs,  authorities  must  be  provided  with  the  circumstances  of 
the  accident,  substances  involved,  emergency  measures  taken,  and  the  data 
available  for  assessing  the  effects  on  man  and  the  environment. 

EEC  Dircctivcs-Decisions 

EEC  Council  Decision  on  the  Convention  On  Marine  Pollution  From  Land 


Based  Sources  (7105) 

The  convention  provides  steps  to  be  taken  in  preventing  pollution  of  the 
North  East  Atlantic  and  The  North  Sea  from  land-based  sources.  These  steps 
apply  to  three  substances  listed  in  Annex  A:  Part  I  substances  include 
persistent  chemical  families  or  materials  which  must  be  eliminated;  Part  III 
substances,  include  less  persistence  organic  substances  and  heavy  metals, 
which  must  be  reduced  or  eliminated,  as  appropriate;  discharges  must  be 
subject  to  approval  by  representatives  of  the  contracting  party;  and  Part  III, 
radioactive  substances  and  waste  discharges  must  be  forestalled  and,  as 
appropriate,  eliminated. 
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76.1  MAJOR  USES 

World  mine  production  of  nickel  totaled  867,098  short  tons  in  1987  (6209).  Al¬ 
though  the  sole  U.S.  nickel  mine-smelter  complex  was  closed  permanently  in  January, 
1987,  domestic  consumption  of  nickel  was  164,820  short  tons  for  that  year  (6209).  A 
major  part  of  the  supply  (approximately  10-20%)  of  nickel  for  consumption  was  re¬ 
covered  from  scrap  and  used  for  the  production  of  secondary  nickel  (6209,  6289,  6203). 
According  to  Mastromatteo  (1986),  the  major  uses  of  nickel  include:  1)  production  of 
stainless  steels;  2)  production  of  nickel  alloys;  3)  production  of  nickel  cast  iron;  4) 
electroplating  and  electroforming;  5)  manufacturing  of  alkaline  (nickel-cadmium) 
batteries;  6)  as  catalysts;  7)  manufacture  of  coins;  8)  production  of  welding  products;  9) 
production  of  sintered  components;  10)  inorganic  pigments;  and  11)  electronics. 

Nickel  is  used  in  more  than  3000  metal  alloys,  including  Ni-Cr-Fe  alloys  for  the 
manufactuie  of  cooking  utensils  and  corrosion-resistant  equipment;  Ni-Cu  alloys  for 
coinage  and  for  food  processing,  chemical,  and  petroleum  equipment;  Ni-A!  alloys  for 
magnets  and  aircraft  parts;  and  Ni-Cr  alloys  for  heating  elements,  gas-turbines,  and  jet- 
engines  (6203).  Alloys  of  nickel  with  zinc,  manganese,  cobalt,  titanium,  and/or  molyb¬ 
denum  are  used  for  special  industrial  activities,  and  alloys  of  nickel  with  precious  metals 
are  used  for  jewelry.  Nickel  is  also  used  in  molds  for  ceramic  and  glass  containers,  in 
surgical  and  dental  prostheses. 


76.2  Eh'VIRONMENTAL  FATE  AND  EXPOSURE  PATHWAYS 

Nickel  can  enter  the  environment  from  natural  and  anthropogenic  sources. 

Schmidt  and  Andren  (6270,  cited  in  6202)  estimated  that  natural  sources  comprised  ap¬ 
proximately  17%  of  total  emissions  and  that  anthropogenic  activities  generated  the 
remaining  83%,  of  which  52%  was  attributed  ‘.o  fossil  fuel  consumption  alone. 

Using  emissions  factors  and  statistics  on  the  global  production  or  consumption  of 
industrial  goods,  Nriagu  and  Pacyna  (6262)  calculated  the  world  wide  emissions  of  trace 
metals  to  the  three  environmental  compartments.  Total  emissions  of  nickel  were  esti¬ 
mated  to  be  2.4-8.7  x  lO’  kgy^r  to  the  atmosphere,  33-194  x  10*  kg/yr  into  aquatic 
ecosystems,  and  1.06-5.44  x  10*  kg^r  into  soil. 

Nickel  is  released  into  the  atmosphere  in  volcanic  emissions  and  windblown  dusts 
produced  by  the  weathering  of  rocks  and  soils,  from  combustion  of  fossil  fuels  by 
stationary  and  mobile  power  sources,  from  the  emissions  of  nickel  mining  and  refining 
operations,  from  metal  consumption  in  industrial  processes,  and  from  the  incineration 
of  wastes  (6299,  6227).  The  nickel  emitted  into  the  atmosphere  from  fossil  fuel 
combustion  is  primarily  in  the  form  of  nickel  sulfate  (6204)  along  with  smaller  quanti¬ 
ties  of  nickel  oxide  and  more  complex  oxides  of  nickel  (6242,  cited  in  6202). 

Emissions  into  aquatic  ecosystems  are  released  mainly  from  the  dissolution  of  rocks 
and  soil,  from  biological  cycles,  atmospheric  fallout,  domestic  wastewater,  smelting  and 
refining,  and  dumping  of  sewage  sludge  (6203).  Although  nickel  is  not  a  widespread 
contaminant  in  surface  waters,  sediment,  or  groundwaters,  certain  activities  related  to 
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mining  and  smelting,  waste  disposal  or  natural  anomalies,  result  in  elevated  nickel  in 
water  or  sediments  (6258;  6272). 

The  earth’s  crustal  abundance  of  nickel  is  approximately  60  ppm  (6234).  The 
effect  of  anthropogenic  sources  on  the  nickel  content  of  soil  is  mainly  local,  but 
industrial  and  other  manmade  plumes  combined  with  unusual  climatic  conditions  may 
disperse  nickel  pollution  over  large  areas  (6234).  Emissions  into  soils  are  primarily 
from  coal  and  bottom  fly  ash,  agriculture  and  food  wastes,  and  animal  wastes  (manure) 
(6261).  In  addition  to  the  deposition  of  airborne  particulate  matter,  increased  soil 
levels  of  nickel  may  result  from  the  land  application  of  sewage  sludge  (6202)  and  the 
use  of  commercial  fertilizers  with  high  nickel  content  (e.g.  phosphates)  (6227). 

76.2.1  Transport  in  Soil/Ground-watcr  Systems 

76.2.1.1  Overview 

Regardless  of  the  sources  of  environmental  contamination  (natural  or  anthro¬ 
pogenic),  soils  and  sediments  are  the  ultimate  receptacles  of  nickel  (6268).  Nickel  is 
very  persistent  in  the  soil,  but  may  also  leach  through  soil  to  enter  groundwater  and/or 
may  undergo  absorption  by  plants.  The  fate  of  nickel  in  the  soil  is  regulated  by  its  soil 
chemistry  (6268). 

76.2.1.2  Sorption  on  Soils 

The  primary  mechanisms  for  soil  sorption  of  nickel  are  believed  to  be  specific 
adsorption,  ion  exchange  and/or  co-precipitation  (6233);  the  important  sorbants  appear 
to  be  iron  and  manganese  oxides,  clay  minerals  and,  to  some  extent,  organic  matter 
(6216,  cited  in  6233). 

Soil  nickel  has  a  particular  affinity  for  iron  and  sulfur  (6251).  In  terrestrial  rocks, 
nickel  occurs  mainly  in  sulfides  and  arsenides,  and  most  of  it  is  in  ferromagnesians, 
replacing  iron;  however,  nickel  is  also  associated  with  carbonates,  phosphates,  and  sili¬ 
cates.  During  weathering,  nickel  is  easily  mobilized  and  then  is  coprecipitated, 
primarily  with  iron  and  manganese  oxides.  The  state  of  nickel  in  soils  is  highly  depen¬ 
dent  on  the  nickel  content  of  the  parent  rocks,  but  may  also  reflect  soil-forming 
processes  and  pollution.  In  surface  soils,  nickel  can  occur  as  organically  bound  forms, 
some  of  which  may  be  soluble  chelates.  When  chelation  is  incomplete,  species  such  as 
NP*,  NiOH^,  HNi02*,  and  Ni(OH)3*  may  be  present  in  soil  solution  (6251). 

Determinants  of  the  sorption/movement  of  metals  in  soils,  primarily  chemical 
properties  of  the  soil  itself,  include  cation  exchange  capacity,  Ph,  organic  matter,  total 
iron,  and  surface  area  (6268,  6269,  6267,  cited  in  6269). 

The  cation  exchange  capacity  (CEC)  of  the  soil  strongly  affects  the  concentration 
and  species  distribution  of  nickel  in  soil  solution  (6279).  In  acidic  sandy  soils  the 
cationic  forms  have  been  found,  while  in  heavy  soils,  mainly  negative  species  have  been 
found,  but  to  a  lesser  extent.  Tyler  and  McBride  (1982)  demonstrated  that  ad.sorplion 
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of  nickel  and  other  heavy  metals  resulted  in  a  nearly  stoichiometric  desorption  of  Ca^*, 
Mg"^  Al^^  Na^  and  K\ 

In  studies  with  Indian  Red  Soil,  Khan  et  al.  (1982)  observed  that  the  decomposi¬ 
tion  of  soil  organic  matter  greatly  increased  the  mobility  of  nickel  whereas  a  rise  in  pH 
of  the  soil  water  system  caused  a  decrease.  Initial  addition  of  all  anions  (Cl~  HCOj", 
CO3"  SO4"  P04“  and  Mo04“  apparently  enhanced  mobility  but  high  levels  of  S04~ 
PO4"  and  Mo04“  reduced  mobility.  Compared  with  other  metals,  the  mobility  of 
nickel  tested  in  soils  saturated  with  different  exchangeable  cations  was  moderate. 

In  soils  of  high  pH  and  high  organic  content  (or  in  cases  in  which  nickel  was  added 
to  the  soil  in  compx)st  treatment),  the  movement  of  nickel  was  retarded  and  the  con¬ 
centration  of  the  metal  in  the  soil  increased  as  a  result  of  the  formation  of  organo- 
nickel  complexes  (6276,  6268,  6264).  Therefore,  acid  rain  would  be  expected  to  in¬ 
crease  the  mobility  of  nickel  in  the  soil,  potentially  resulting  in  contamination  of 
groundwaters  (6203);  however,  it  appears  tha*  even  under  very  acid  conditions,  organic 
matter  can  restrict  the  movement  and  availability  of  nickel  (6276). 

Measurements  of  nickel  movement  in  soil  systems  indicate  that  when  nickel  is 
applied  to  the  soil  in  sewage  sludge  its  downward  movement  is  limited.  In  one  study, 
the  movement  of  sludge-borne  metals  in  an  agricultural  landscape  following  10  years  of 
annual  sludge  applications  was  examined  in  runoff  from  a  terraced  watershed  (6239). 
Samples  of  soil  water  at  a  depth  of  60  cm  taken  after  5  years  of  sludge  application 
contained  enough  nickel  to  suggest  a  slight  movement  of  the  metal,  but  no  evidence  of 
movement  was  detected  in  year  6.  In  another  study,  Brown  et  al.  (6235)  examined 
samples  from  four  types  of  soil  that  were  collected  after  one  year  of  application  of 
sewage  effluent.  Increased  concentrations  of  the  applied  nickel  remained  in  the  top 
12.7  cm  of  soil.  Nickel  concentrations  in  leachate  water,  collected  monthly  from  all 
.soils  at  1.5  m  below  the  surface,  were  below  the  detection  limits  of  0.001  mg/L.  The 
different  characteristics  of  the  four  soils  did  not  seem  to  affect  the  depth  of  movement. 
A  typical  landfill  leachate  may  contain  0.01-1.2  mg/L  of  nickel  (6271,  cited  in  6278, 
6250);  in  one  study,  values  in  this  range  were  considered  to  be  low  when  compared 
with  the  concentrations  of  other  metals  (e.g.  iron  and  zinc)  (6250). 

The  extent  of  sorption  is  commonly  described  in  terms  of  isotherms  based  on 
Langmuir  or  Freundlich  constants.  Typical  sorption  constants  for  nickel  are  listed  and 
explained  in  Table  1  These  values  are  based  on  limited  data  and  caution  is  advised  in 
using  them  (6233).  Table  2  shows  that  Freundlich  isotherms  for  nickel  sorption  vary 
according  to  soil  type,  with  clay,  clay  loam  and  sand  exhibiting  generally  higher  values 
than  sandy  loam,  loamy  sand  and  silt  loam  (6216,  cited  in  6233). 
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Table  76-1 

Typical  Soiption  Constants  for  Nickel 


Parameter* 

Soils  (Median  Values) 

Mn  Oxides 

Fe  Oxides 

Clay 

Kd  (L/g) 

40 

100* 

0.2** 

S  (pmol/g) 

5.6 

8.6 

40 

Am  (pmol/g) 

600** 

Log  Kl  (log  M-') 

3.5“ 

Kp  (L/g) 

0.27 

1/N 

0.95 

•  Only  one  value 
**  Only  two  values 

‘Definitions:  Kj  =  distribution  coefficient  (L/g) 

S  =  sorption  (pmol/g) 

A„,  Kl  =  Langmuir  constants,  where  S=  (KLA,nC)/(l  +  KlC)  and  S  = 
moles  sorbed  at  equilibrium  per  gram  of  solid,  Kl  =  sorption  constant 
related  to  binding  energy  of  sorbate,  and  C  =  total  sorbate  concentra¬ 
tion  in  solution  at  equilibrium 
Dp,  1/N  =  Fruendlich  constants  for  S  =  Dp  C'^, 
where  S  =  pmol/g  and  C  =  pM 


Source:  6216 
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Table  762 

Frcundlich  Isothcims  for  Nickel  Sorption  on  Soils 


Frcundlich 

Isotherm 

Clay 

Clay 

Lxiam 

Sand 

Sandy 

Loam 

Silt 

Loam 

Loamy 

Sand 

KpfL/g) 

0.6-0.73 

0.51 

0.31-0.50 

0.11-0.48 

0.057-0.44 

0.005-0.01 

1/N 

0.95-1.03 

1.02 

1.01-1.18 

0.81-0.99 

0.57-0.9 

60.87-0.92 

^See  dennitions  in  Table  76-1 
Source:  6216 


76.ZU  Volatilization  from  Soils 

No  data  were  found  to  suggest  that  nickel  compounds  volatilize  from  soil  surfaces. 
76.22  Transformation  Processes  in  Soil/Ground-water  Systems 

Although  environmental  fate  processes  may  transform  one  nickel  compound  into 
another,  nickel  is  a  naturally  occurring  element  which  cannot  be  degraded  in  the 
environment  (6202). 

76.221  SoU 

The  residence  time  of  nickel  in  the  soil  has  been  estimated  to  be  2400  years  (6231, 
6249,  both  cited  in  6227)  to  3500  years  (6261,  cited  in  6202). 

No  data  were  found  to  indicate  that  nickel  undergoes  biodegradation  in  the  soil. 
However,  Francis  and  Dodge  (6246)  reported  that  native  aerobic  bacteria  solubilized 
the  nickel  in  two  coal  cleaning  residues  (fines  fraction  which  is  high  in  trace  metals  and 
relatively  low  in  organic  carbon  and  filter  cake  which  is  low  in  trace  metals  and 
relatively  high  in  organic  carbon)  and  altered  its  mobility.  Based  on  the  amount  of 
metal  released  from  the  residues  during  incubation,  approximately  30%  of  the  nickel 
was  mobilized  from  the  fines  fraction  under  aerobic  conditions  and  10%  was  mobilized 
from  the  filter  cake.  None  was  mobilized  under  anaerobic  conditions. 

Sadiq  and  Enfield  (6269)  determined  experimentally  that  nickel  ferrite  (NiFe204) 
precipitates  in  soil.  Species  in  solution  that  include  Ni^^,  nickel  sulfate  (NiS04),  and 
nickel  phosphate  (NiHP04),  predominate  in  soils  having  Ph  values  of  less  than  7,  while 
in  soil  solution  of  Ph  above  8,  hydroxy  complexes  are  important  (6268).  Nickel 
aluminate  and  Ni2Si04  can  also  form,  under  conditions  of  low  iron  levels. 
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162J12  Groundwater 

Nickel  enters  groundwater  as  a  result  of  the  dissolution  of  rocks  and  soils,  bio¬ 
logical  cycles,  atmospheric  fallout,  and  particularly  from  industrial  processes  and  waste 
disposal  (6203).  Ionic  nickel  is  quite  stable  in  aqueous  solutions  and  has  the  potential 
to  migrate  over  long  distances  (6212).  Nickel  in  surface  waters  or  groundwaters  is 
likely  to  occur  at  very  low  concentrations  unless  its  presence  is  a  result  of  industrial 
pollution  or  waste  disposal  (6258;  6227).  Mean  concentrations  of  nickel  in  U.S. 
groundwater  are  highly  variable,  ranging  from  3.0  to  4430  pg/L  in  1982.  However,  the 
typical  concentration  in  groundwater  was  <50  pg/L  (6241,  cited  in  6202). 

No  data  were  found  to  indicate  the  estimated  residence  time  for  nickel  in  ground 
water;  however,  Nriagu  (1980,  cited  in  6202)  estimates  that  the  metal  persists  for 
approximately  23,000  years  in  deep  oceans  and  for  19  years  in  near-shore  coastal 
waters.  Nickel  exists  in  numerous  soluble  and  insoluble  forms  depending  upon 
chemical  and  physical  properties  of  the  water  (6266).  Nickel  concentrations  in  sedi¬ 
ments  usually  exceed  those  of  water  by  several  orders  of  magnitude  (6272). 

Speciation  reactions  of  nickel  in  water  include:  acid-base  dis.sociation,  complexa- 
tion,  and  redox  reactions  (6233).  Aquo-nickel  ions  behave  as  acids  in  water  (6214). 

The  acid  dissociation  constants  for  nickel(2-l-)  in  aqueous  solution  (20-25° C,  0.1  M) 
are  10.2  (pK,),  9.0  (pKj),  10.8  (pKj),  and  14.0  (PK4)  (6263,  cited  in  6233). 

Nickel  tends  form  complexes  with  both  organic  and  inorganic  ligands  in  aquatic 
systems  (6233).  Limited  data  suggest  that,  in  unpolluted  waters,  nickel  may  exist 
primarily  as  hexahydrate  ions  that  are  subsequently  coprecipitated  or  sorbed  by  hydrous 
oxides  of  iron,  silica,  and  manganese,  leading  to  decreases  in  mobility  and  bioavailability 
(6212).  In  more  organo-rich  polluted  waters,  organic  materials  will  keep  nickel 
solubilized  by  complexation,  and  approximately  half  may  exist  as  simple  inorganic  salts 
and  half  as  stable  organic  complexes,  e.g.,  with  humic  acids.  Mantoura  et  al.  (6219, 
cited  in  6233)  reported  that  the  logarithms  of  the  overall  conditional  stability  constants, 
Kq,  of  Ni(II)-humate  complexes  ranged  from  5.14  at  Ph  8  and  an  ionic  strength  of  0.02 
M.  The  fulvic  acid  fractions  of  horticultural  peat  and  soil  had  overall  conditional 
stability  constants  of  4.98  and  4.2-4.35,  respectively.  The  overall  conditional  stability 
constant  is  defined  on  the  basis  of  an  "aggregate  site-type": 


KO 


[ML] 


(M+^l  \L^  -  ML] 


Where: 

[MLJ  =  total  complexed  Ni(II) 

=  total  free  aqueous  Ni(II) 

[Lr)  =  total  ligand  concentration 
[Lf  _  [ML|  =  Total  uncomplcxed  ligand 
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Under  anaerobic  (reducing)  conditions  and  in  the  presence  of  sulfides,  nickel  will 
precipitate  out  of  solution  as  nickel  sulfide  (6212). 

Nickel  is  highly  mobile  in  water  and  is  sorbed  only  to  a  small  extent  (6212).  Of  all 
the  factors  that  control  the  mobility  of  nickel  in  aquatic  media  (i.e.  complexation,  pre¬ 
cipitation/dissolution,  adsorption/desorption,  and  oxidat’on/reduction  [6266]),  sorption 
of  the  metal  by  amorphous  oxides  of  iron  and  manganese  are  probably  the  most  impor¬ 
tant  (6212).  Other  properties  such  as  sulfate  concentration,  iron  oxide  surface  area, 
and  pH  also  influence  mobility  (6266).  Most  nickel  compounds  are  relatively  soluble  at 
pH  values  <6.5,  whereas  nickel  exists  predominantly  as  insoluble  nickel  hydroxides  at 
pH  values  >6.7  (6203). 

No  data  have  been  found  which  would  suggest  that  nickel  compounds  volatilize 
from  water  or  undergo  biodegradation  in  water  (6212). 

76.23  Primary  Routes  of  Exposure  from  Soil/Ground-watcr  Systems 

Nickel  in  the  soil  or  groundwater  can  be  taken  up  by  food  plants  or  may  eventually 
reach  drinking  water,  resulting  in  exposure  of  the  general  ptjpulation  to  the  metal. 
Exposure  levels  may  be  exacerbated  in  industrial  areas,  such  as  Sudbury,  Ontario, 
where  the  metal  is  released  into  the  environment  in  excessive  amounts  (6275)  or  in 
locations  with  elevated  soil  concentrations  of  nickel  as  a  result  of  the  application  of 
sewage  sludge  or  nickel-containing  fertilizers  (6202).  According  to  Mejstrik  and  Svacha 
(6257),  trace  elements  in  particle  fallout  from  the  atmosphere  are  not  absorbed  by 
plants  through  the  leaf  surface,  but  cause  only  surface  contamination. 

Nickel  is  readily  taken  up  by  plants  from  soil  (6251).  Adsorption  is  positively  cor¬ 
related  with  the  soil  nickel  concentration  until  a  certain  concentration  of  the  metal  is 
attained  in  the  plant.  The  uptake  by  plant  roots  of  extractable  nickel  is  influenced  by 
physical  factors  such  as  soil  texture,  temperature,  and  water  content;  chemical  factors 
such  as  organic  content  and  redox  potential;  and  biological  factors  such  as  plant  species 
variability  and  microbial  activity  (6202);  however,  the  single  most  impxjrtant  factor  is 
soil  pH.  Naturally  acid  conditions  enhance  nickel  uptake  (6243,  6251,  6203). 

Nickel  is  essential  to  urease-rich  plants  such  as  Jack  beans  and  soybeans;  in  these 
plants  the  concentration  of  nickel  is  very  high  (6203).  Numerous  species  of  nickel-ac¬ 
cumulating  plants  have  been  identified.  One  of  these,  Sebertia  acuminata,  native  to 
nickel-rich  New  Caledonia,  contains  an  exceptionally  high  concentration  of  nickel,  10 
g/kg  dry  weight  in  leaves  and  250  g/kg  in  latex.  Elevated  levels  of  citric  and  malic 
acids,  present  in  such  plants,  arc  thought  to  be  involved  in  the  transport  and  storage  of 
nickel  (6203). 

The  average  daily  intake  of  nickel,  for  pct)plc  in  both  urban  and  rural  areas,  is 
estimated  to  range  from  120  to  520  pg/day,  of  which  diet  typically  contributes  83  to 
94%  (6202).  In  Danish  diets,  nickel  intake  was  estimated  to  average  1.30  to  150 
pg/day,  occasionally  reaching  900  pg/day  (6259,  6277).  Among  a  number  of  common 
Danish  Rxxl  items  analyzed  for  nickel  content,  the  highest  concentrations  of  the  metal 
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(1-10  mg  Ni/kg  fresh  weight)  were  found  in  cocoa,  licorice,  sucerne  seeds,  dried  beans, 
peanuts,  hazel  nuts,  sunflower  seeds,  oat  meal  and  wheat  bran  (6277). 

Individuals  who  may  be  exposed  to  higher  levels  of  nickel  include  those  whose 
diets  contain  foods  naturally  high  in  nickel,  and  those  living  in  the  vicinity  of  a  nickel 
processing  facility  (6202).  Nickel  concentrations  in  agricultural  soils  typically  range 
between  5  to  500  pg/g,  with  a  typical  level  of  50  pg/g.  In  nonagricultural  soil,  nickel 
concentrations  are  generally  in  the  range  of  4  to  80  pg/g,  with  a  median  of  26  pg/g 
(6211).  Levels  as  high  as  24,000  pg/g  soil  have  been  found  near  metal  refineries  f6241, 
cited  in  6202). 

Nickel  or  any  other  contaminant  in  groundwater  would  be  of  concern  because 
groundwater,  which  comprises  more  than  96%  of  all  fresh  water,  is  the  source  of  a 
majority  of  water  supplies  for  large  cities  and  more  than  50%  of  the  total  population 
depend  on  groundwater  resources  (6278).  Drinking  water  samples  may  contain  much 
higher  concentrations  of  nickel,  due  to  pollution  of  the  water  supply  or  leaching  from 
nickel-containing  pipes  or  nickel-plated  spigots  (6229).  The  average  concentration  of 
nickel  in  municipal  drinking  water  near  large  open-pit  mines  was  ~  200  pg/L  compared 
with  a  concentration  of  1  pg  Ni/L  in  a  control  area  (6227). 

The  average  daily  exposure  to  nickel  in  drinking  water  has  been  estimated  to  be 
<20  pg,  based  on  a  typical  concentration  of  <10  pg/L  nickel  in  drinking  water  (627.^, 
cited  in  6202)  and  assuming  that  the  average  intake  of  water  by  a  human  adult  is  2 
L/day  (6202). 

Sunderman  et  al.  (6382)  examined  nickel  absorption  an  kinetics  in  human  volun¬ 
teers  who  were  given  nickel  sulfate  (12  to  50  pg/kg)  in  drinking  water  or  in  food. 

Nickel  absorption  averaged  27±17%  of  the  dose  ingested  in  water  versus  0.7  ±0.4%  of 
the  same  dose  ingested  in  food,  thereby  indicating  a  40-fold  difference  in  nickel 
absorption. 

76.2.4  Other  Sources  of  Human  Exposure 

Occupational  exposure  to  nickel  may  occur  at  any  stage  in  the  production  or  use 
of  nickel  (6256).  NIOSH  estimated  that  250,000  workers  in  the  U.S.  were  exposed  to 
nickel  and  its  inorganic  compounds  (6260,  cited  in  6256).  Exposure  to  water-insoluble, 
nickel  compounds  usually  occurs  through  the  inhalation  of  fumes  or  dusts  (6203). 

In  the  primary  production  of  nickel,  the  following  groups  or  occupational  catego¬ 
ries  are  subjected  to  airborne  nickel  (6280,  cited  in  6256):  underground  miners,  sulfide 
mines  (0.025  mg/m^);  open  pit  miners,  lateritc  mines  (0.05  mg/m^);  grinders  and  concen¬ 
trating  nickel  (<0.05  mg/m^);  smelter  workers  (0.05-1.0  mg/m’);  nickel  refinery  workers 
(<1.0  mg/m’);  packaging  nickel  powders  (<1.0  mg/m’);  calcining  and  sintering  opera¬ 
tions  (25-30  m^m’)  (these  operations  have  now  been  eliminated);  electrolytic  tank 
house  worker  (0.02-0.3  mg/'m’)  (soluble  forms);  and  carbonyl  refinery  worker  (<0.35 
mg/m’)  (gaseous  form).  Another  prtxx^s,  the  Mond  process,  gives  rise  to  nickel  tetra- 
carbonyl,  a  very  toxic  intermediate. 
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The  following  industrial  uses  of  nickel  are  also  sources  of  exposure:  production  of 
high  nickel  alloys  (0.06-0.1  mg/m^);  manufacture  and  welding  of  stainless  steel  (0.01-0.1 
mg/m^);  nickel  foundry  workers  (0.01-0.3  mg/m^);  electroplating  of  nickel  (0.004-0.01 
mg/m^)  (soluble  forms);  nickel  cadmium  battery  workers  (0.4  mg/m^);  production 
wrought  nickel  (1.5  mg/m^).  Some  of  these  levels  are  outside  the  current  OSHA  PELs 
of  1  mg/m^  for  nickel  and  its  inorganic  compounds  and  0.007  mg/m^  for  nickel  carbonyl 
(6237,  cited  in  6256). 

In  ambient  air  the  mean  nickel  concentration  is  an  estimated  20  ng/m^  (6231). 

Near  a  nickel  refinery  in  West  Virginia  atmospheric  nickel  concentrations  averaged 
1.2  pg/m^  compared  with  0.04  pg/m^  at  six  other,  apparently  uncontaminated,  sampling 
stations  (6258). 

Nickel,  present  in  sea  water  at  concentrations  of  '"0.1  to  0.5  pg  nickel/L  and  in 
surface  waters  at  ~  15  to  20  pg  of  nickel/L  (6256),  has  been  detected  at  fairly  low 
levels  in  the  following  edible  seafood  and  fish:  oysters  (1.5  ppm  fresh  weight  [f.w.]), 
mollusks  (0.74  ppm  f.w.),  clams  (0.58  ppm  f.w.),  Japanese  shellfish  (0.14  ppm  f.w.),  scal¬ 
lops  (0.04  ppm  f.w.),  lobster,  claw  (0.^  ppm  f.w.),  crabmeat,  canned  (0.03  ppm  f.w.), 
anchovies,  canned  (0.72  ppm  f.w.),  salmon  (1.7  ppm  f.w.),  swordfish  (0.02  ppm  f.w.), 
and  samples  of  dressed  whitefish,  pike,  smelt  and  perch  (0.2  ppm  f.w.)  (6258).  Even 
fish  that  were  collected  in  two  lakes  known  to  have  elevated  surface  concentrations  of 
the  elements  in  their  sediments  had  low  levels  of  nickel  (6248).  Dietary  intake  of 
nickel  can  be  increased  by  the  use  of  stainless  steel  cookware  and  the  use  of  nickel 
catalysts  in  hydrogenation  (6202),  or  by  dissolved  nickel  from  drinking  water  pipes  and 
beverage  containers  (6227). 

Cigarette  smoking  can  increase  inhaled  nickel  by  as  much  as  0.2  pg/cigarette 
(6227).  Nickel-containing  jewelry  (particularly  earrings),  dental  alloys  and  surgical  im¬ 
plants,  and  dialysate  fluids  may  be  other  sources  of  exposure  (6256). 

Surgically  implanted  hip  or  knee  prostheses  arc  also  of  concern  as  potential 
sources  of  human  exposure  to  nickel.  In  one  study,  serum  and  urine  samples  from 
patients  implanted  with  hip  or  knee  porous-coated  prostheses  fabricated  of  either 
cobalt-chromium  (containing  <0.1%  nickel)  or  Ti-AJ-V  (containing  <0.2%  nickel) 
were  examined  for  the  presence  of  cobalt,  chromium,  and  nickel  (6.381).  Samples  were 
assayed  at  intervals  ranging  from  1  day  to  2.5  years  after  surgery  and  the  results  were 
compared  with  those  from  two  groups  of  controls.  Only  nickel  concentrations  are  con¬ 
sidered  here.  On  days  1-2  postsurgery,  serum  nickel  concentrations  were  elevated  in 
-3/6  of  the  subjects  with  Ti-Al-V  implants  (1.2  pg/L;  p<0.05)  and  7/7  patients  with 
cobalt-chromium  implants  (3.3  pj/L:  p<0.05),  compared  with  both  presurgery  and 
healthy  control  values  (0.3  and  0.2  pg/L,  respectively).  All  but  one  of  the  patients  in 
the  two  groups  with  implants  also  had  increased  urine  nickel  levels.  Within  two  wceLs 
nickel  concentrations  in  serum  and  urine  had  decreased  to  control  values  and  remained 
at  those  levels  for  the  duration  of  the  study. 

Hopfer  et  al.  (6.383)  provided  documentation  for  hypernickelemia  in  patients  with 
end-stage  renal  disease  who  receive  chronic  hemcxlialysis  therapy.  It  was  found  that 
serum  nickel  concentrations  after  hemodialysis  were  similarly  elevated  in  subjects  from 
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an  area  with  high  nickel  content  (109  jig/L)  in  the  tap  water  (Sudbury,  Ontario, 
Canada)  and  in  subjects  from  Hartford,  Connecticut,  and  area  with  much  lower  nickel 
content  in  the  tap  water  (0.2  pg/L).  In  summary,  the  study  confirmed  hypernickelemia 
in  hemodialysis  patients.  The  study  demonstrated  the  efficiency  of  deionization  pro¬ 
cesses  used  in  Sudbury  for  preparation  of  hemodialysis  solutions. 

The  results  of  field  studies  and  laboratory  experiments  suggest  that  there  is  little 
transfer  of  nickel  through  the  aquatic  food  chain  (6272).  For  example,  levels  of  500- 
600  pg/g  were  achieved  in  macrophytes  (e.g.  Lemna  perpusillal  in  10  days  (exposure 
levels  not  available)  (6238,  cited  in  6272),  but  concentrations  of  only  ^4.2  pg/g  of 
nickel  were  detected  in  rainbow  trout  after  180  days  of  exposure  to  1  mg  nickel/L. 
When  the  organisms  were  placed  in  clean  medium,  the  plant  nickel  levels  returned  to 
background  and  losses  of  59-75%  were  observed  in  the  fish  (6238,  6240,  both  cited  in 
6272). 

Concentrations  of  nickel  in  the  dorsal  muscle  of  two  bottom-feeding  omnivores, 
white  suckers  (Catostomus  commersonil  and  brown  bullheads  flctalurus  nebujosus), 
were  0.21  and  0.4  pg  dry  wt.,  respectively  (6248).  The  fish  were  collected  in  two  lakes 
known  to  have  elevated  surface  concentrations  of  the  element  in  their  sediments. 
Several  good  potential  food  sources  (insects,  crayfish,  fingerling  bullheads)  were 
analyzed  for  the  presence  of  the  metal.  The  biomagnification  ratio  (BR)  was  calculat¬ 
ed  from  the  ratio  of  the  average  concentration  found  in  fish  muscle  to  the  average  con¬ 
centrations  found  in  its  foods).  In  this  study,  BR  values  of  <  1  indicate  no  magnifica¬ 
tion,  while  values  >1  indicate  magnification.  A  value  of  1  indicated  no  net  accumula¬ 
tion.  The  BR  value  for  nickel  in  insects  was  not  measurable,  but  ratios  were  1.2  from 
the  crayfish  and  >3  from  fingerling  bullheads,  indicating  some  potential  for  biomag¬ 
nification. 

At  successive  trophic  levels,  bioconcentration  factors  decrease  (6272).  For 
example,  green  alga  (Scenedesmus  obliquusk  exposed  to  nickel  in  solution,  exhibited  a 
concentration  factor  of  .30-300  times,  while  for  Daphnia.  the  concentration  factor  was 
only  2-12  times.  Other  bioconcentration  factors  (BCFs)  for  selected  organisms  arc  as 
follows:  marine  phytoplankton,  <20-8000;  freshwater  plants,  100;  freshwater  fish,  40; 
seaweeds,  550-2(XX);  algae,  2000-40,000;  marine  fish,  100;  and  skipjack  tuna,  50  (6212). 
A  BCF  of  <1000  suggests  that  bioaccumulation  would  not  be  significant"  (6252,  cited 
in  6202). 

76.2.5  Biological  Monitoring 

Nickel  may  be  monitored  in  several  tissues  and  body  fluids  (6290).  Electrothermal 
atomic  absorption  spectrophotometry  of  methyl  isobutyl  ketone-extracted  ammonium 
pyrrolidine  dithiocarbamate-complcxcd  nickel  is  reportedly  the  most  sensitive  and 
reliable  method  for  quantifying  nickel  in  biological  samples.  The  detection  limits  of 
nickel  in  biological  samples  depends  on  the  instrumentation  and  sample  preparation. 
Detection  limits  as  low  as  1  ng/L  for  whole  bkxxl,  urine,  saliva,  and  tissue  homogenates 
have  been  achieved  with  dimethylglyoximc-scnsitizcd  differential  pulse  anodic  stripping 
voltammetry  (DPASV)  (6203).  Care  should  be  taken  to  avoid  a)ntamination  of  the 
samples  from  such  sources  as  nickel-containing  a)ntair.crs  and  instruments 
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(e.g.  stainless  steel),  and  human  sweat  which  contains  high  levels  of  nickel.  Tissue  and 
fluids  that  are  routinely  used  for  monitoring  of  nickel  exposure  include,  hair,  nails, 
urine,  whole  blood  and  serum,  liver,  lung,  kidney,  sweat,  and  excreta.  The  biological 
monitoring  of  nickel  is  described  extensively  by  ATSDR  (6290)  and  Sunderman  et  al. 
(6380). 

763  HUMAN  HEALTH  CONSIDERATIONS 

763.1  Animal  Studies 

763.1.1  Carcinogenicity 

Overall,  carcinogenicity  studies  in  animals  have  produced  varied  results  depending 
on  the  nickel  compound  used.  However,  several  nickel  compounds  have  been  shown 
to  induce  cancers  of  the  respiratory  tract  (6281)  and  nickel  subsulfide  produces  renal 
malignancies  in  rats  (6368,  6369).  lARC  (6288)  summarized  available  data  and  found 
there  to  be  sufficient  evidence  for  carcinogenicity  of  nickel  in  animals.  Several  reviews 
(6283,  6291,  6204)  of  nickel  carcinogenicity  affirmed  the  carcinogenic  potential  of 
several  nickel  compounds.  A  review  of  cellular  and  molecular  mechanisms  of  nickel 
carcinogenicity  summarized  studies  examining  such  factors  as  cellular  uptake  and  trans¬ 
location  of  nickel,  morphological  transformation  and  mutagenesis  of  mammalian  cells 
(human  and  animal),  mitotic  aberrations  and  sister  chromatid  exchanges,  DNA-strand- 
breaks  and  protein  crosslinking,  alteration  of  DNA  replication,  lipid  peroxidation, 
tumor  promotion,  and  alteration  of  natural  killer  cell  activity  (6282).  In  animal  carcino¬ 
genicity  studies,  nickel  subsulfide  appears  to  be  the  most  potent  nickel  compound 
(6283). 

Malignant  tumors  of  pluripotential  origin  following  subcutaneous  implantation  of 
nickel  subsulfide  was  reported  (6287),  and  the  production  of  malignant  melanoma-type 
tumors  in  the  normally  highly  tumor-resistant  Japanese  newt,  Cvnops  pvrrhogaster.  by 
intraocular  injection  of  nickel  subsulfide  (Okamoto,  1987)  affirm  the  potential  carcino¬ 
genicity  of  nickel  subsulflde  in  several  species  and  by  several  routes  of  administration. 

Unilateral  intrarenal  injection  of  nickel  subsulfide  in  rats  produced  erythrocytosis 
within  one  month  and  malignant  renal  neoplasms  after  eight  months  (6368).  The 
development  of  malignant  neoplasms  in  male  F344  rats  within  21  months  after  uni¬ 
lateral  intrarenal  injection  of  nickel  subsulfide  (20  mg/ra*)  was  reported  by  Sunderman 
et  al.  (6369).  The  malignancies,  five  sarcomas  and  one  carcinoma,  occurred  in  the 
kidneys  of  six  out  of  28  treated  rats.  Vehicle  controls  exhibited  no  malignant  neo¬ 
plasms. 

Exposure  of  male  and  female  F344  rats  to  nickel  sulfide  (0.97  mg/m^)  for  78  weeks 
(5  daysAveek,  6  hrs/day)  resulted  in  a  significantly  higher  incidence  of  pulmonary  hyper¬ 
plastic  and  neoplastic  lesions  and  lung  tumors  compared  to  filtered  room  air  controls 
(6285).  The  preneoplastic  changes  were  observed  in  both  bronchiolar  and  alveolar 
regions.  The  tumor  incidence  was  14%  in  treated  rats  and  1%  in  controls.  The 
incidence  of  specific  tumors  was  reported  as  adenomas  (7%  in  males  and  females). 
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adenocarcinomas  (5%  in  males,  4%  in  females),  squamous  cell  carcinomas  (2%  in 
males,  1%  in  females),  and  fibrosarcomas  (1%  in  males,  0%  in  females). 

McNeil  et  al.  (6384)  conducted  a  comparative  study  of  the  pulmonary  tumorigenic 
response  of  male  Strain  A  mice  following  intratracheal  instillation  or  intraperitoneal 
injection  of  nickel  subsulfide.  Groups  of  30  mice  received  nickel  subsulfide  at  doses  of 
0.053  or  0.160  mg/kg  by  either  route  of  administration.  Dosing  regimens  included  once 
per  week,  once  every  two  weeks,  or  once  every  three  weeks.  Positive  controls  for  each 
route  of  administration  received  a  single  dose  (50  mg/kg)  of  urethane.  Untreated  con¬ 
trols  received  saline.  Mice  were  sacrificed  at  20  weeks  or  45  weeks  after  the  first 
dosing.  Urethane  by  either  route  of  administration  produced  a  significant  increase  in 
pulmonary  tumor  incidence  but  nickel  subsulfide  failed  to  produce  a  dose -dependent 
response  by  either  route  when  compared  to  age-matched  controls. 

Wehner  et  al.  (6350)  reported  the  effects  of  lifetime  exposure  (5  daysAveek, 

7  hrs/day)  of  male  Syrian  golden  hamsters  to  nickel  oxide  (<*55  mg/m^).  Heavy  pul¬ 
monary  burdens  of  nickel  oxide  resulted  in  pneumoconiosis,  but  no  significant  carcino¬ 
genicity. 

Horie  et  al.  (6297)  evaluated  the  effects  of  nickel  oxide  inhalation  exjjosure  (0.6- 
8.0  mg/m^)  in  male  Wistar  rats  exposed  to  the  compound  for  6  hours/day,  5  daysAveck 
for  one  month.  Animals  were  sacrificed  and  examined  immediately  after  exposure,  and 
at  12  or  20  months  after  exposure.  An  adenocarcinoma  was  detected  in  one  of  six  rats 
20  months  after  exposure  to  0.6  mg  NiO/m^  but  no  carcinomas  were  found  in  the  eight 
rats  exposed  to  the  8.0  mg/m^  concentration.  Some  neoplastic  lesions  were  noted  in 
rats  of  all  groups  except  those  examined  immediately  after  exposure,  but  were  attribut¬ 
ed  to  age  rather  than  to  the  test  article.  The  authors  concluded  that  carcinogenic 
effects  were  not  a  prominent  effect  of  nickel  oxide  exposure  but  that  the  long  resi¬ 
dence  time  of  the  nickel  oxide  particles  in  the  peripheral  lung  regions  might  contribute 
to  the  promotion  of  bronchioalvcolar  cell  hyperplasia. 

Intramuscular  injection  of  nickcl(II)  hydroxide  air-dried  gel  (120  pmol),  crystalline 
industrial  nickel(II)  hydroxide  (120  pmol),  or  nickel  subsulfide  (40  pmol)  in  rats  result¬ 
ed  in  a  local  sarcoma  incidence  of  5/20,  .3/20,  and  16/20,  respectively  (6286).  Intra¬ 
muscular  injections  of  nickel(ll)  sulfate  (66  pmol)  or  precipitated  nickcl(II)  hydroxide 
(120  pmol)  did  not  produce  tumors.  In  vitro  solubilization  rates  of  the  tested  com¬ 
pounds  in  human  blood  scrum,  artificial  lung  fluid,  and  acetate  buffer  indicated  an 
inverse  relation  between  tumor  yield  and  rate  of  solubilization. 

lARC  (6288)  summarized  the  evidence  for  carcinogenicity  in  animals  and  also  in¬ 
dicates  nickel  subsulfide  to  be  capable  of  inducing  benign  and  malignant  tumors  in  rats 
following  inhalation  exposure  and  produced  malignant  tumors  following  multiple  intra¬ 
tracheal  instillations.  Subcutaneous  injection  of  nickel  subsulfide  produced  sarcomas  in 
mice  and  rhabdomyosara)mas  and  fibrous  histiocytomas  in  rats.  Dosc-rasponse 
relationships  have  been  demonstrated  for  the  production  of  local  sarcomas  following 
intramuscular  injections  of  nickel  subsulfide  in  rats  and  hamsters.  Malignant  tumors  in 
the  peritoneal  cavity  were  reptirted  for  repeated  intraperitoneal  injections  of  nickel 
chloride  or  nickel  acetate.  Nickel  powder,  nickel  oxide,  nickel  hydroxide,  nickel 
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carbonate,  nickelocene,  and  nickel-iron  sulfide  have  produced  local  sarcomas  in  mice, 
rats,  hamsters,  and  rabbits  following  intramuscular  administration  (6288). 

76.3.1.2  Gcnotoxicity 

I  ARC  (6288),  U.S.  EPA  (6204)  and  Sunderman  (6291)  have  reviewed  the  geno- 
toxicity  of  nickel.  Several  inorganic  nickel-containing  compounds  have  been  evaluated 
regarding  genotoxic  effects  using  various  model  systems  including  in  vivo  studies  usin£ 
laboratory  species,  bacterial  mutagenicity  studies,  and  mammalian  cell  systems  (6283). 

Data  indicate  that  nickel  genotoxicity  is  organ-specific  in  animals  (6309,  6310)  with 
the  kidney  and  lung  being  primary  targets  as  determined  by  intraperitoneal  injections  of 
nickel  carbonate  into  rats.  Waksvik  and  Boysen  (6376)  reported  negative  results 
regarding  sister  chromatid  exchanges  in  blood  lymphocytes  of  refinery  workers  exposed 
to  nickel.  The  workers  of  the  study  groups  had  b^n  exposed  to  nickel  levels  of  0.1  to 
1.0  mg  Ni/m^  for  an  average  of  21.2  years  or  0.1  to  0.5  mg  Ni/m^  for  an  average  of  25.2 
years. 

Based  on  an  evaluation  of  in  vivo  chromosomal  aberration  studies,  a  lack  of  clasto- 
genic  activity  was  indicated  for  nickel  (6204).  However,  data  are  available  for  mice 
indicating  that  nickel  affects  male  germ  cells  resulting  in  a  reduction  of  fertilized  eggs, 
but  no  data  are  available  regarding  the  effects  of  nickel  on  female  germ  cells.  Micro¬ 
nucleus  tests  using  mouse  bone  marrow  cells  and  nickel  chloride  at  25  mg/kg  or  nickel 
nitrate  at  56  mg/kg  did  not  yield  significantly  greater  numbers  of  micronucleated  cells 
compared  to  controls  (6311).  Jacquet  and  Mayence  (6312)  also  found  nickel  nitrate 
not  to  be  clastogenic  following  administration  to  mice  at  doses  of  40  or  55  mg/kg.  In 
another  study,  Mathur  et  al.  (6326)  did  not  detect  chromosomal  aberrations  in  bone 
marrow  and  spermatogonia  cells  of  rats  administered  3  or  6  mg  of  nickel  sulfate  intra- 
peritoneally  for  7  or  14  days. 

An  analysis  of  available  in  vitro  chromosomal  aberration  studies  revealed  either 
negative  data  or  deficient  studies  (6204),  and  that  further  research  would  be  needed  to 
unequivocally  confirm  the  clastogenicity  of  nickel  in  cultured  mammalian  cells.  How¬ 
ever,  various  reports  have  provided  data  indicating  that  nickel  compounds  (nickel  sul¬ 
fate,  nickel  subsulfide,  nickel  chloride)  produced  sister  chromatid  exchanges  in  cultured 
human  lymphocytes  (6315),  Chinese  hamster  Don  cells  (6316),  and  Syrian  hamster  cells 
(6317).  The  results  of  most  studies  examining  chromosomal  effects  of  nickel  are  con¬ 
tradictory,  a  condition  that  may  be  remedied  by  a  more  thorough  understanding  of  the 
cellular  uptake  and  availability  of  metal  ions. 

More  recently,  however,  Sunderman  et  al.  (6369)  reported  on  the  chromosomal 
abnormalities,  gene  amplification,  and  time-course  of  erythrocytosis  in  rats  administered 
nickel  subsulfide  (20  mg/rat)  by  unilateral  intrarenal  injection.  Blood  hematocrit  values 
were  increased  during  two  to  six  weeks  post  injection,  attained  a  maximum  increase  of 
11%  at  16  weeks,  and  returned  to  normal  at  40  weeks.  Karyotypes  of  three  of  six  renal 
neoplasms  exhibited  prominent  marker  chromosomes,  oncogene  amplification  was 
detected  in  two  of  six  neoplasms,  and  erythropoietin  gene  was  not  consistently  ampli¬ 
fied  in  the  DNA  from  kidneys  of  treated  rats. 
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The  results  of  bacterial  mutagenicity  studies  are  summarized  in  U.S.  EPA  (1986) 
and  Coogan  et  al.  (6283).  Generally,  these  studies  indicate  that  nickel  compounds  are 
only  weakly  or  not  at  all  mutagenic.  Nickel  was  found  to  be  positive  in  forward  muta¬ 
tion  assays  at  the  HGPRT  locus  of  Chinese  hamster  V79  cells  and  the  TL  locus  of 
mouse  lymphoma  cells  (6283).  Additionally,  two  studies  evaluated  by  the  U.S.  EPA 
(6204)  showed  that  nickel  chloride  gave  positive  responses  in  fluctuation  tests  using 
Salmonella  tvphimurium  and  Corvnebacterium. 

A  summary  of  in  vitro  and  in  vivo  genotoxicity  study  resuiis  is  presented  in  Tables 
76-3  and  76-4,  respectively. 

763.13  Teratogenicity,  Embiyotoxicity  and  Reproductive  Effects 

Developmental  toxicity  of  some  nickel  compounds  has  been  reported  for  various 
species  and  includes  embryotoxic  as  well  as  teratogenic  effects.  Additionally,  data  are 
available  indicating  reproductive  toxicity  and  maternal  hormonal  effects.  A  variety  of 
nickel  compounds  including,  metallic  nickel,  nickel  carbonyl,  nickel  chloride,  nickel  sul¬ 
fate,  nickel  subsulfide,  nickel  carbonate,  and  nickel  nitrate  were  employed  in  these 
studies.  Reviews  of  the  developmental  toxicity  of  nickel  and  nickel  compounds  appear 
in  U.S.  EPA  (6204),  Sunderman  et  al.  (1984),  ATSDR  (6206)  and  Coogan  et  al. 

(6283).  As  summarized  in  Coogan  et  a!.  (6283),  exposure  of  animal  species  to  nickel 
during  organogenesis  reportedly  results  in  a  variety  of  teratogenic  effects  including 
acephalia,  exencephaly,  cerebral  hernia,  skeletal  anomalies,  micromelia,  club  foot,  cleft 
palate,  and  cystic  lungs.  Nickel  is  known  to  cross  feto-maternal  barriers  (6319),  is 
taken  up  by  the  embryo  during  early  gestation  (6323,  6320),  and  is  excreted  into  and 
may  change  the  composition  of  rat  milk  (6324).  The  possible  role  of  nickel-induced 
hyperglycemia  in  the  teratogenicity  observed  in  rats  has  been  investigated  by  Mas  et  al. 
(6320). 

Administration  of  an  unspecified  nickel  salt  (5  ppm  nickel)  in  drinking  water  to 
three  generations  of  rats  resulted  in  an  increased  incidence  of  perinatal  mortality  in  all 
generations,  and  an  increased  incidence  of  runts  in  two  generations  (6318). 

Embryonic  mortality  without  maternal  toxicity  was  noted  by  Sunderman  et  al. 

(6319)  for  pregnant  rats  given  nickel  chloride  intramuscularly  (16  mg  Ni/kg)  on  day  8  of 
gestation.  Specifically,  a  decrease  in  the  number  of  live  pups  per  dam,  and  an  in¬ 
creased  ratio  of  dead  fetuses  to  implantation  sites  was  observed.  Mean  fetal  weight 
was  decreased  and  remained  so  for  the  growing  pups  even  at  eight  weeks  of  age. 
Sunderman  et  al.  (6319)  also  reported  that  nickel  subsulfide  dust  suspended  in  penicil¬ 
lin  G  and  injected  intramuscularly  (80  mg  nickcl/kg)  into  Fisher  344  rats  on  gestational 
day  6  caused  a  reduction  in  the  number  of  live  fetuses  per  dam  and  an  increase  in  the 
ratio  of  dead  and  rcsorbed  fetuses  to  the  total  number  of  implantation  sites. 
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Table  76-3 

GenotoDcity  of  Nickel  and  Nickd  Compounda 


End  Point 

SpeciesAest  system 

Compound 

Results 

Reference 

Gene  mutation 

Salmonella  tvphimurium 

Nickel  chloride 
Nickel  sulfate 

Mixed 

(6385) 

(6386) 

Escherichia  coli 

Nickel  chloride 

- 

(6387) 

Corvnebacterium  sp. 

Nickel  chloride 

+ 

(6388) 

Saccharomvces  cercvisiae 

Nickel  sulfate 

- 

(6389) 

CHO  cells 

Nickel  chloride 

Inconel 

(6390) 

Mouse  lymphoma  cells 

Nickel  chloride 

+ 

(6391) 

Chinese  hamster  V79  cells 

Nickel  chloride 

Inconel 

(6392) 

DNA  damage 

Bacillus  subtilis 

Nickel  oxide 

Nickel  trioxide 

- 

(6393) 

CHO  cells 

+ 

(6394) 

SCE 

Hamster  cells 

Nickel  sulfate 
Nickel  chloride 

+ 

(6316) 

(6317) 

Human  lymphocytes 

Nickel  sulfate 
Nickel  suinde 

+ 

(6315,  6317) 

(6229) 

(6395) 

Chromosome 

aberrations 

Hamster  cells 

Nickel  sulfate 
Nickel  chloride 

(6396) 

(6317) 

Human  lymphocytes 

Nickel  sulfate 

+ 

(6317) 

Human  bronchial 
epithelial  cells 

Nickel  sulfate 

+ 

(6397) 

Cell 

transformations 

Hamster  cells  and 
C3H/10T1/2  cells 

Nickel  subsuinde 
and  Nickel 
chloride 

+ 

(63981 

(6399) 

(6400,  6395) 

Source;  6206 


NICKEL 


76-53 


Table  76-4 

Geoolacicily  of  Nickel  and  Nickel  Compounda  In  Vivo 


Endpoint 

Species/Strain 

Compound 

Result 

Reference 

Gene  mutation 

Drosoohila  melanoeaster 

Nickel  nitrate 

Nickel  chloride 

Negative 

(6401) 

Recessive  lethal 

Drosonhila  melanoeaster 

Nickel  sulfate 

Negative 

(6402) 

Chromosome  aberrations 
and  SCE 

Human  lymphocytes 

Nickel 

Negative 

(6376) 

Chromosome  aberrations 

Rat  bone  marrow  and 
spermatogonial  cells 

Nickel  sulfate 

Negative 

(6326) 

Micronucleus  test 

Mouse  bone  marrow  cells 

Nickel  chloride 

Negative 

(6311) 

Dominant  lethal 

Mouse 

Nickel  acetate 

Negative 

(6311) 

Source:  6206 


Embryotoxicity  in  mice  was  observed  for  nickel  chloride  administered  i.p.  (1.2,  2.3, 
3.5,  4.6,  5.7,  or  9.6  mg/kg)  to  pregnant  CD-I  mice  on  each  of  gestational  days  7 
through  11  (6321).  The  two  highest  doses,  however,  resulted  in  maternal  deaths.  A 
dose-related  increase  in  skeletal  and  soft  tissue  abnormalities  was  noted  but  these  were 
always  associated  with  a  dose  that  also  produced  an  increase  in  fetal  deaths. 

Inhalation  exposure  of  pregnant  Syrian  hamsters  on  days  4,  5,  6,  7,  or  8  of  gesta¬ 
tion  to  nickel  carbonyl  (0.06  mg  Ni[CO]4/L/15  min.)  was  studied  by  Sunderman  et  al. 
(6363).  Exposure  on  the  4th  or  5th  day  of  gestation  resulted  in  malformations  in  5.5% 
and  5.8%  of  the  progeny,  respectively,  versus  0%  in  non-exposed  controls.  Similarly, 
the  proportion  of  litters  with  malformed  fetuses  was  33%  and  24%  for  these  exposure 
days  versus  0%  for  controls.  Malformations  included  cystic  lungs,  exencephaly,  exencc- 
phaly  with  a  fused  rib,  and  anophthalmia  with  cleft  palate.  For  the  same  exposure 
protocol,  an  increase  (18%  and  25%  for  4th  and  5th  day  exposures,  versus  0%  for  con¬ 
trols)  in  hemorrhage  into  serous  cavities  of  fetuses  was  observed.  Compared  to 
controls,  no  significant  difference  in  the  number  of  live  pups  was  noted  for  females 
exposed  to  nickel  carbonyl  (0.06  mg/L/15  min.)  on  day  5  of  gestation  and  allowed  to 
deliver  their  litters.  However,  by  postpartum  day  4  neonatal  mortality  was  increased  in 
these  litters  (7.6  live  pups/litter)  compared  to  controls  (9.6  live  pups/litter). 

Mas  et  al.  (6320)  reported  teratogenic  effects  of  nickel  chloride  administered  intra- 
peritoneally  to  pregnant  rats  at  doses  of  2  or  4  mg  Ni/kg  on  day  8  or  day  12  of  gesta¬ 
tion. 
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Research  Triangle  Institute  (6322)  conducted  a  two-generation  reproduction  and 
fertility  study  wherein  rats  were  exposed  to  nickel  chloride  in  drinking  water  at  concen¬ 
trations  of  50,  250,  500,  or  1000  ppm  Ni.  Excessive  mortality  after  only  two  weeks  of 
exposure  of  the  Pg  generation  dictated  discontinuation  of  that  exposure  concentration. 
The  Pg  breeders  exhibited  no  significant  compound-related  effects  nor  were  fertility  or 
reproductive  performance  of  the  Fj  breeders  signiflcantly  affected.  However,  live  litter 
size  and  average  pup  weight  of  the  F,  breeders  receiving  500  ppm  Ni  were  significantly 
decreased.  No  dose-related  embryotoxicity  or  teratogenic  effects  were  observed. 

The  embryotoxic  and  teratogenic  effects  of  nickel  carbonyl  and  nickel  subsulOde 
were  investigated  by  Sunderman  et  al.  (6342).  Intravenous  injection  of  nickel  carbonyl 
(11  mg  Ni/kg)  to  female  F-344  rats  on  day  7  of  gestation  caused  increased  fetal 
mortality,  reduced  body  weight  of  live  pups,  and  an  increased  incidence  of  fetal  mal¬ 
formations  (ocular  anomalies  and  hydronephrosis).  Inhalation  exposure  of  male  rats  to 
nickel  carbonyl  (0.05  mg  Ni/L  for  15  minutes)  two  to  six  weeks  prior  to  breeding  did 
not  affect  fertilization  rates  or  reproductive  yields,  but  intravenous  injection  of  nickel 
carbonyl  (22  mg  Ni/kg)  reduced  the  number  of  live  pups  in  litters  sir^  during  the  5th 
week.  The  latter  effect  was  consistent  with  chromosomal  damage  during  the  meiotic 
stage  of  spermatogenesis.  Lastly,  nickel  subsulflde  administered  intrarenally  (30  mg 
Ni/kg)  to  female  rats  one  week  prior  to  breeding  produced  erythrocytosis  in  the  dams 
but  not  pups.  However,  at  two  weeks  postpartum,  pups  of  nickel  subsulfide-treated 
dams  exhibited  decreased  blood  hematocrits. 

Several  studies  have  reported  effects  of  various  nickel  compounds  on  the  male 
reproductive  system.  A  single,  subcutaneous  injection  of  nickel  sulfate  (0.04  mmol/kg) 
to  male  rats  resulted  in  damage  of  seminiferous  tubules,  shrinkage  of  the  epididymis, 
and  complete  degeneration  of  spermatozoa  at  18  hours  after  treatment  (6325).  Dermal 
exposure  of  male  rats  to  nickel  sulfate  at  doses  of  40,  60,  or  100  mg  Ni/kg/day  for  up  to 
30  days  did  not  produce  general  toxic  effects  or  mortality  (6326).  However,  a  dose- 
related  testicular  tubular  damage  and  sperm  degeneration  were  noted  for  the  60  and 
100  mg/kg  doses.  No  testicular  effects  were  observed  for  the  lower  doses  or  for  any 
dose  applied  for  only  15  days. 

A  concern  with  the  possible  effects  on  implantation  or  developing  embryos  of 
nickel-containing  intrauterine  devices  was  investigated  by  Chang  et  al.  (6327).  Nickel 
reduced  the  number  of  implantations  and  increa^  the  number  of  resorption  sites  in 
the  uterine  horns  of  rats  in  which  nickel-containing  intrauterine  devices  were  placed. 
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763.1.4  Other  Toxicologic  Effects 
763.1.4.1  Short-term  Toxicologic  Effects 

The  oral  LD50  values  of  various  nickel  compounds  in  animals  are  presented  in  Table 
76-5.  The  causes  of  death  pertaining  to  the  reported  values  were  not  specified. 
Inhalation  LCj(,  values  were  not  found  in  the  available  literature  but  TQ^  values  for 
some  nickel  compounds  are  presented  in  the  acute  toxicity  section  of  the  health  hazard 
summary  box  in  the  front  section  of  this  chapter. 

A  fatal  case  of  acute  nickel  toxicity  was  reported  for  a  2  1/2-year  old  girl  who 
ingested  15  g  of  nickel  sulfate  crystals.  Auscultation  revealed  pulmonary  rales  prior  to 
death  due  to  cardiac  arrest  (6360). 

The  acute  toxicity  in  32  electroplating  plant  workers  who  drank  water  contaminated 
with  nickel  chloride  and  nickel  sulfate  (1.63  g/L)  was  described  by  Sunderman  et  al. 
(6379).  Twenty  of  the  workers  developed  symptoms  including  nausea,  vomiting, 
abdominal  discomfort,  diarrhea,  headache,  giddiness,  lassitude,  cough,  and  shortness  of 
breath.  In  most  cases  these  symptoms  lasted  a  few  hours  but  in  seven  case  persisted 
for  1-2  days.  The  nickel  doses  in  these  individuals  were  estimated  to  range  from  0.5  to 
2.5  g  and  serum  nickel  levels  (measured  1  day  postexposure)  ranged  from  13  to  1,340 
pg/L  and  urine  levels  of  nickel  ranged  from  0.15  to  12  mg/g  creatinine.  All  of  the 
subjects  had  an  uneventful  recovery  and  returned  to  work  by  the  eighth  day  after  the 
exposure. 

A  number  of  studies  summarized  by  ATSDR  (6206)  and  U.S.  EPA  (6284)  have 
been  conducted  using  parenterally  administered  nickel  compounds  in  various  laboratory 
species.  In  these  studies,  toxic  effects  including  proteinuria,  aminoaciduria,  histopathol- 
ogy  of  the  renal  glomeruli,  and  renal  tubular  lesions  were  observed  following  parenter¬ 
ally  administered  nickel  or  nickel  chloride.  Intrarenal  administration  of  nickel 
subsulfide  produced  erythrocytosis  and  arteriosclerosis.  It  is  of  interest  to  note  that 
Sunderman  et  al.  (1986)  found  a  significant  rank  correlation  between  incidence  of 
erythrocytosis  and  renal  cancer  in  nickel-treated  rats. 

Exposure  of  female  Swiss  albino  mice  to  nickel  chloride  aerosol  (250  pg  Ni/m^)  for 
two  hours  resulted  in  a  significant  decrease  in  the  number  of  specific  antibody-produc¬ 
ing  spleen  cells  (Graham  et  al.,  1978).  This  study  also  reported  that  intramuscular 
administration  of  nickel  sulfate  (3.09  pg  Ni/g)  or  nickel  oxide  (9.25  pg  Ni/g)  resulted  in 
significant  immunosuppression. 

Inhalation  exposure  of  rats  and  mice  to  nickel  sulfate  at  0.8,  1.7,  3.3,  6.7,  or  13 
mg/m^  6  hrs/day,  5  days/week  for  up  to  12  days  resulted  in  death  of  rats  exposed  to 
i3.3  mg/m’  and  death  of  mice  expo^  to  ^1.7  mg/m’  (6374).  A  similar  exposure 
protocol  using  green  nickel  oxide  at  0.9  to  23.6  mg/m’  did  not  result  in  deaths  of  rats  or 
mice  (6334).  Exposure  of  male  and  female  rats  to  1000  ppm  nickel  chloride  in  drinking 
water  resulted  in  excessive  deaths  following  only  two  weelu  exposure,  however, 
exposure  to  500  ppm  or  less  did  note  result  in  increased  mortality  (6322). 
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Table  76-5 

Oral  LDjf  Values  fior  Nickel  Gompounds  Administered  to  Rats 


Compound 

LD50 

(mg  compound/kg) 

LD50 

(mg/Ni/kg) 

Reference 

Nickel  acetate 

355 

118 

(6405) 

Nickel  hydroxide 

1600 

1021 

(6256) 

Nickel  sulfate 
hexahydrate 

300 

67 

(6256) 

Nickel  oxide 
(green  and  black) 

>5000 

>3929 

(6256) 

Nickel  sulfide 

>5000 

>3233 

(6256) 

Nickel  subsulflde 

>.5000 

>3666 

(6256) 

Nickel  powder 

>9000 

>9000 

(6256) 

Source:  6206 


Exposure  levels  of  0.0,  0.6,  1.2,  2.5,  5.0,  and  10.0  mg/m^  (equivalent  to  0.0,  0.4,  1.8, 
3.6,  and  7.3  mg  Ni/m^)  were  selected  to  bracket  the  current  TLV  of  1.0  mg/m*  for 
nickel  subsulfide  in  a  short-term  (6  hours/day,  7  days/week  for  12  days)  whole-body 
inhalation  study  using  male  and  female  F-.344  rats  and  B6C3Fi  mice  (6344).  At  the 
lowest  exposure  level,  rats  exhibited  degeneration  of  respiratory  epithelium  and  atrophy 
of  olfactory  epithelium,  but  no  clinical  signs  of  toxicity.  Mice  exhibited  similar  histo- 
pathological  effects  at  the  1.2  mg/m*  exposure.  The  incidence,  but  not  the  severity,  of 
these  lesions  increased  with  higher  exposure  levels  and  all  rats  and  mice  exposed  to  the 
highest  concentration  developed  labored  breathing  after  five  days  of  exposure.  Rats 
exposed  to  5.0  or  10.0  mg  NijS2/m*  developed  emphysema  and  fibrosis  was  observed  in 
mice  exposed  to  the  compound  at  5.0  mg/m*. 

Another  study  by  Benson  et  al.  (6343)  using  the  same  species  and  a  similar  exposure 
protocol  tested  the  effects  of  nickel  sulfate  hexahydrate  (0.0,  3.5,  7.0  15,  30,  or  60 
mg/m*  equivalent  to  0.0,  0.84,  1.7,  3.3,  6.7,  and  13.5  mg  Ni/m*).  A  high  incidence  of 
mortality  occurred  in  the  higher  dose  groups  and  exposure  to  3.5  and  7.0  mg 
NiS04-H20  produced  pulmonary  lesions  in  both  rats  and  mice. 

Subcutaneous  injection  of  F-344  rats  with  various  nickel  salts  at  doses  of  500 
pmol/kg  produced  two-fold  increases  of  TBA-chromogens  in  the  liver  and  kidney,  and  a 
dose-related  increase  in  scrum  AST  activity  was  observed  for  rats  24  hourr  after 
injections  of  nickel  chloride  (0,  125,  250,  500,  or  750  pmol/kg).  The  studies  indicated 
that  acute  nickel  hepatotoxicity  in  rats  is  associated  with  lipid  peroxidation  (6335). 


A  single  intratracheal  instillation  of  nickel  subsulfidc  (11.8  pg/mouse)  resulted  in 
pulmonary  hemorrhage  and  decreased  body  weight  3  to  7  days  after  dosing.  Lung 
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lavage  fluid  from  nickel-treated  rats  contained  blood  and  increased  numbers  of 
polymorphonuclear  leukocytes.  Much  of  the  nickel  burden  from  early  stages  was 
cleared  to  the  gastrointestinal  tract,  and  long-term  clearance  rates  from  the  lung, 
kidney  and  blood  supported  the  hypothesis  that  nickel  was  first  solubilized  in  the  lung 
and  subsequently  transported  via  the  blood  (6336). 

Nickel-induced  hypothermia  lasting  four  hours  was  observed  for  rats  receiving  a 
single  intraperitoneal  (100  pmol/kg)  or  subcutaneous  (250  or  375  pmol/kg)  injection  of 
nickel  chloride.  The  375  pmol  dose,  however,  resulted  in  death  of  three  of  four  rats 
three  days  following  the  injection.  In  addition  to  causing  hypothermia,  the  treatments 
also  altered  the  circadian  rhythm  of  thermoregulation  (6337). 

A  comparison  of  the  acute  toxicity  of  intratracheally  instilled  nickel  oxide,  nickel 
sulfate,  nickel  subsulflde,  and  nickel  chloride  to  rats  indicated  a  toxicity  ranking  of 
nickel  subsulflde  -  nickel  sulfate  -  nickel  chloride  >  >  nickel  oxide  (6339).  For  each 
compound,  rats  were  administered  a  single  dose  of  0.0,  0.01,  0.10,  or  1.0  pmol  Ni  and 
sacrificed  1  or  7  days  after  treatment.  Pulmonary  clearance  was  most  rapid  for  nickel 
chloride  and  nickel  oxide,  and  only  minimal  changes  in  assessed  parameters  were 
detected  one  day  after  dosing.  Nickel  oxide  did  not  produce  any  significant  toxic 
effects  but  nickel  sulfate,  nickel  subsulflde,  and  nickel  chloride  caused  an  increase  in 
lactate  dehydrogenase  (LDH),  fl-glucuronidase  (BG),  total  protein  (TP),  glutathione 
reductase  (GR),  sialic  acid  (SA),  and  total  nucleated  cells  at  7  days  after  dosing. 
Histological  evidence  of  alveolitis  was  also  observed  for  these  rats  at  seven  days  after 
dosing. 

Nickel-induced  dysfunction  of  host  defenses  was  reported  for  female  pathogen-free 
Swiss  albino  mice  exposed  (inhalation,  head-only)  to  nickel  chloride  (500  pg  Ni/m^)  for 
two  hours  and  subsequently  exposed  for  15  minutes  to  an  aerosol  of  viable 
Streptococcus  pyogenes,  group  C  (6340).  The  exposure  to  nickel  caused  a  depression 
of  phagocytic  and  bactericidal  function  of  alveolar  macrophages,  and  depressed  ciliary 
activity  of  the  upper  respiratory  tract.  An  additional  study  employing  a  single  intramus¬ 
cular  injection  of  nickel  chloride  (18.3  mgfleg)  into  male  CBA/J  and  female  C57BL/6J 
mice  demonstrated  a  significant  reduction  in  murine  splenic  natural  killer  cell  activity 
(6341). 

763.1.4.2  Subchronic  and  Chrome  Toxicity 
Pulmonary  toxicity 

A  considerable  amount  of  data  are  available  regarding  the  effects  of  nickel  following 
subchronic  or  chronic  inhalation  exposure  of  animals  to  both  soluble  and  insoluble 
nickel  compounds.  Although  the  carcinogenicity  of  some  nickel  compounds  has  been 
confirmed,  the  studies  described  in  the  following  section  indicate  that  exfKisure  to 
nickel  compounds  may  result  in  noncarcinogcnic  effects  at  exposure  levels  which  are 
similar  to  those  encountered  in  occupational  situations.  Moreover,  these  studies  also 
confirm  the  portal-of-entry  effects  of  inhaled  nickel  compounds.  A  summary  of 
inhalation  toxicology  studies  employing  various  nickel  compounds  is  presented  in  Table 
76-6. 
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The  effects  on  male  Wistar  rats  of  inhalation  exposure  to  nickel  chloride  (109 
pg/m^)  or  to  nickel  oxide  (120  pg/m^)  for  12  hours/day,  6  daysAveek  for  period  up  to 
several  months  were  reported  by  Bingham  et  al.  (6345).  The  exposure  to  nickel  oxide 
produced  an  increase  in  the  number  of  alveolar  macrophages  (9.6  x  10*/g  of  lung) 
relative  to  non-exposed  controls  (3.8  x  lO^/g  lung)  but  nickel  chloride  exposure 
produced  no  such  effect.  Nickel  oxide  exposure  also  produced  an  accumulation  of 
macrophages  in  alveolar  space  and  a  thickening  of  alveolar  walls.  Hyperplasia  of  the 
bronchial  epithelium  and  increased  mucus  production  resulted  from  the  nickel  chloride 
exposure. 

A  78-week  exposure  (6  hours/day,  5  days/week)  of  male  and  female  F344  rats  to 
0.97  mg  nickel  sulfate/m^  resulted  in  increased  mortality,  decreased  body  weight  and  an 
increase  in  pulmonary  lesions  (pneumonitis,  atelectasis,  bronchitis)  (6285). 

Speigelbcrg  et  al.  (6347)  provided  evidence  for  pulmonary  immunotoxicity  in  male 
Wistar  rats  (12/group)  exposed  to  nickel  oxide  at  concentrations  of  400  and  800  pg/m* 
(nickel  equivalent  of  314.4  and  628.7  pg  Ni/m^  respectively)  for  four  weeks.  Rats  of 
these  exposure  groups  exhibited  a  decrease  in  the  number  of  alveolar  macrophages 
relative  to  unexposed  controls.  The  800  pg/m^  exposure  also  resulted  in  a  high 
percentage  of  dead  macrophages  and  loss  of  morphological  integrity  of  the  macro¬ 
phages.  Two  additional  groups  of  rats  (12/group)  were  exposed  to  nickel  oxide  at 
concentrations  of  25  pg/m^  (19.6  pg  Ni/m^)  or  150  pg/m^  (117.9  pg/m^)  for  four 
months.  Serum  antibody  titer  and  antibody  production  by  spleen  cells  following 
injection  of  the  rats  with  sheep  erythrocytes  were  used  to  assess  immune  response.  For 
the  four-week  exposures,  doses  ^200  pg/m^  suppressed  both  the  antibody  titer  and  the 
antibody  production.  The  four-month  exposure  to  150  pg  NiO/m^  but  not  25  pg 
NiO/m^  produced  similar  effects.  It  was  concluded  that  about  the  same  exposure  level, 
regardless  of  duration,  significantly  affected  alveolar  macrophages  and  the  humoral 
immune  system. 

A  dose-dependent  increase  in  lung  weight,  lung  density  and  phagocytic  activity  of 
pulmonary  macrophages  was  noted  for  New  Zealand  white  rabbits  exposed  to  nickel 
dust  at  concentrations  of  0.45  or  2.02  mg/m’  for  6  hours/day,  5  days/week  for  four 
weeks  (6348).  Altered  surface  membranes,  eccentrically  placed  polymorphic  nuclei  with 
chromatin  margins  and  membrane-bound  laminated  structures  in  lung  macrophages 
were  detected  in  the  nickel-treated  rabbits. 

The  pathological  effects  of  inhaled  nickel  chloride  (0.3  mg  Ni/m’)  and  metallic 
nickel  dust  (0.1  or  1.0  mg/m’)  were  assessed  using  rabbits  exposed  to  the  test  articles 
for  up  to  six  months  (6349).  Exposures  to  both  the  nickel  dust  and  the  nickel  chloride 
resulted  in  heavily  burdened  and  inactive  alveolar  macrophages  after  three  months  of 
exposure.  A  dose-dependent  increase  in  lung  phospholipids  was  detected  over  the 
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Species  Exposure  level 


EfTect 


Reference 


Rat 

109  vg  Nia2/In^  12  hrs/day, 

6  daysAveek  for  several  weeks 

Histological  alterations  in 
the  lung  and  in  alveolar 
macrophages 

(6345) 

Rat 

120  Mg  NiO/ln^  12  hrs/day. 

6  daysAveek  for  several  weeks 

Histological  alterations  in 
the  lung  and  in  alveolar 
macrophages 

(6345) 

Rat 

0.ti  mg  Ni/m^  as  NiO,  continuous 
exposure  for  3  weeks 

Increased  lung  weight,  in¬ 
creased  enzyme  activity  levels,  de¬ 
creased  body  weight 

(6353) 

Rat 

109  Mg  NiO/m^  8  hrs/day, 

S  daysAveek  for  18  days 

Altered  enzyme  activity  in 
pulmonary  lavage  fluid  and 
in  alveolar  macrophages 

(6358) 

Rat 

120  Mg  NiQ2/m^  8  his/day, 

5  days/week  for  18  days 

Altered  enzyme  activity 
levels  in  pulmonary  lavage 
fluid  and  alveolar  macrophages 

(6358) 

Rat 

39  to  629  Mg  Ni/m^  as  NiO, 
continuous  for  1  month 

Pulmonary  immunotoxic  effects 
at  the  higher  exposure  levels 

(6406) 

Rat 

0.4  to  7.3  Mg  Ni/m’  as  Ni3S2, 

6  hrs/day,  S  daysAweek 
for  12  days 

Histopathological  changes  in 
the  respiratory  tract 

(6339) 

Rat 

0.84  to  13.5  mg  Ni/m^  as 

NiS04-6H20 

Increased  mortality  at  the 
highest  dose,  pulmonary 
lesions  at  doses  >  3.5  mg  Ni/m^ 

(6339) 

Rat 

0.9  mg  Ni/m^  as  nickel  dust, 

6  hrs/day,  S  daysAweek  for 

3  or  6  months 

Increased  number  of  pulmo¬ 
nary  macrophages,  elevated  pulmonary 
phospholipid 
content 

(6352) 

Rat 

0.2  to  1.0  mg  Ni/m^  as  nickel  dust,  6 
hrs/day,  S  ds^sAweek 
for  13.  or  6  months 

Histomorphomelric  changes 
in  alveolar  macrophages. 

Elevated  pulmonary  phos¬ 
pholipid  cxmtent 

(6359) 

Rabbit 

1.0  mg  Ni/m^  as  nickel  dust, 

5  hrs/day  5  daysAaeek  for 

3  or  6  months 

Histomorphomelric  changes 
in  alveolar  macrophages, 
elevated  pulmonary  phos¬ 
pholipid  content 

(6354) 

Rabbit 

0.1  mg  Ni/in^  as  nickel  dust, 

6  hrs/day,  5  daysAveek  for 

4  or  8  months 

Reduced  pulmonary  lysozyme 
levels 

(6355) 

Rabbit 

0.13  mg  Ni/m^  as  nickel  dust, 

6  hrs/day,  5  daysAiveek  for 

4  or  8  months 

Elevated  pulmonary  phospholi- 
pidosis,  transient  reduction 
in  surface  tension 

(6356) 
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TABLE  7^  (CbDt.) 


Species 

Exposure  Protocol 

Effect 

Reference 

Rabbit 

b.3  mg  Ni/m^  as  nickel  dust, 

6  hrs/day,  5  daysAveek  for 

1  month 

Increased  lung  weight,  elevated  phos¬ 
pholipid  content,  histo¬ 
logical  alterations 

(6357) 

Rabbit 

0.1  to  1.0  mg  Ni/m^  as  nickel  dust, 

6  hrs/day  5  days/week 
for  4  to  6  weeks 

Histomorphometric  changes 
in  alveolar  macrophages  and 
alveolar  type  II  cells 

(6348) 

Hamster 

61  iig  NiO/m’,  4  hrs/day, 

5  days/week  for  3  months 

No  acute  toxicity,  moderate  pulmonary 
retention  of  nickel 

(6350) 

treatment  period  with  nickel  dust  and  nickel  chKiride.  Furthermore,  an  increase  in 
volume  density  of  Type  II  cells  was  also  noted  following  the  exposures  with  the  nickel 

Renal  Toxicity 

As  with  many  heavy  metals,  nickel  is  nephrotoxic.  Most  available  data  were  derived 
from  studies  employing  parenterally  administered  nickel  and  nickel  compounds, 
however,  some  reports  are  available  for  environmentally  relevant  routes  of  exposure. 

Renal  tubular  degeneration  was  observed  in  rats  fed  a  diet  containing  nickel  acetate. 
The  concentration  of  the  test  compound  was  successively  increased  from  0.1  to  1.0% 
over  a  period  of  several  weeks  but  the  exposure  level  or  time  point  producing  this 
effect  was  not  defined  (6328). 

In  another  study  (6329),  an  exposure-related  increase  in  mild  nephrosis  was  detected 
in  mice  receiving  nickel  sulfate  in  the  drinking  water  at  concentrations  of  5  and  10  g/L 
for  180  days.  The  lesions  were  not  detected  in  those  rats  exposed  to  nickel  sulfate 
concentrations  of  1  g/L. 

An  inhalation  exposure  study  was  conducted  in  which  groups  of  rats  (30/group)  were 
exposed  to  nickel  chloride  (1  mg/m^)  5  days/week  for  3  or  6  months  (6330).  Although 
nickel  accumulation  in  the  kidneys  did  occur,  no  lesions  were  detected. 

Hcmatoloric  Effects 

A  number  of  studies  of  varying  exposure  duration  and  using  various  animal  species 
have  provided  information  indicating  hematologic  and  hematopoietic  effects  of  nickel 
compounds. 

A  91 -day  exposure  study  in  which  rats  were  given  nickel  chloride  hexahydrate  (0,  5, 
35,  or  100  mg  Ni/kg/day)  by  gavage  resulted  in  the  death  of  all  rats  in  the  high  dose 
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group  by  day  78,  and  an  increase  in  white  blood  cell  counts  for  the  35  mg/kg  dose 
group  at  an  interim  sacrifice  (6332).  At  final  sacrifice,  males  of  the  35  mg/kg  dose 
group  had  elevated  platelet  counts  and  lowered  blood  glucose  levels.  Dietary  exposure 
of  weanling  rats  to  500  or  1000  ppm  nickel  acetate  produced  a  lowered  hematocrit  and 
hemoglobin  concentration  relative  to  controls  and  the  lower  dose  (100  ppm)  group 
(6333). 

In  a  2-year  dietary  exposure  study  using  dogs,  nickel  sulfate  at  2500  ppm  but  not  at 
1000  ppm  resulted  in  histopathology  of  the  bone  marrow  (6331).  A  25%  decrease  in 
bone  marrow  cellularity  was  reported  for  mice  receiving  5  or  10  g  Ni/L  in  drinking 
water  for  180  days  (6329).  This  study  also  reported  a  change  in  stem  cell  proliferative 
responses  associated  with  a  decrease  in  glucose-6-phosphate  dehydrogenase  activity. 

763.2  Human  and  Epidemiologic  Studies 

7633.1  Short-term  Toxicologic  Effects 

Respiratory  Effects 

Regarding  acute  toxicity  of  nickel  and  nickel  compounds,  nickel  carbonyl  is  probably 
of  greatest  concern.  Acute  exposure  to  this  compound  may  result  in  fulminant 
interstitial  pneumonitis  accompanied  by  coughing,  dyspnea,  tachycardia,  and  cyanosis 
(6222).  Neurological  symptoms  are  manifested  by  headache,  giddiness,  vertigo,  and 
weakness.  Adrenal  insufficiency,  hyperglycemia,  hepatic  toxicity  and  acute  renal 
damage  (renal  edema  with  hyperemia  and  parenchymatous  degeneration)  have  also 
been  reported,  with  death  resulting  from  severe  respiratory  impairment,  and  cerebral 
edema  or  hemorrhage.  Evidence  is  also  available  for  acute  toxicity  resulting  from 
exposure  to  nickel  metal,  and  nickel  compounds  such  as  nickel  oxide,  and  nickel 
sulfide. 

The  acute  toxicity  of  nickel  carbonyl  is  exemplified  by  a  refinery  accident  in  1953  in 
which  100  workers  were  exposed  to  nickel  carbonyl  in  an  enclosed  area.  Thirty  two  of 
the  men  required  hospitalization  and  two  men  died  (6282).  The  immediately  occurring 
signs  and  symptoms  following  this  exposure  included  headache,  dizziness,  sternal  and 
epigastric  pain,  nausea  and  vomiting.  It  was  noted  that  these  effect  disappear  upon 
removal  of  the  subject  to  uncontaminated  air.  A  latent  period  of  1  to  5  days,  during 
which  subjects  may  be  asymptomatic,  may  occur  prior  to  the  onset  of  delayed  effects 
such  as  constriction  in  the  chest,  chills,  sweating,  dyspnea,  dry  cough,  weakness  and 
fatigue,  gastrointestinal  symptoms  (diarrhea,  abdominal  distention),  and  convulsions  and 
delirium  which  may  in  some  instances  lead  to  death.  In  the  refinery  accident  the 
deaths  occurred  on  the  4th  and  11th  day  after  exposure.  BAL  (British  Anti  -  Lewisite) 
was  administered  and  was  no  doubt  instrumental  in  saving  lives. 

Sunderman  (6298)  provided  nickel  levels  for  lung  and  liver  tissue  of  a  man  dying  five 
days  following  exposure  to  nickel  carbonyl.  The  lung  and  liver  nickel  content  was  17.3 
and  5.3  pg  Ni/100  g  wet  wt.  of  tissue,  respectively.  These  concentrations  were 
respectively  1 1  and  6  times  greater  than  the  average  nickel  content  of  these  tissues. 
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An  additional  report  by  Sunderman  (6298)  attests  to  the  use  of 
diethyldithiocarbamate  trihydrate  as  an  efficacious  treatment  of  nickel  carbonyl 
exposure.  The  exposure  occurred  in  156  workers  at  the  Toa  Gosei  Chemical  plant  in 
Nagoya,  Japan.  Of  the  136  victims  exhibiting  symptoms  of  exposure,  96  were  hospital¬ 
ized  and  the  critically  ill  patients  treated  with  Antabuse  until  supplies  of 
diethyldithiocarbamate  trihydrate  arrived.  Thirty  six  hours  after  exposure  seven 
individuals  became  delirious  and  unconscious  and  were  administer^  Diothiocarb.  All 
of  the  victims  receiving  diethyldithiocarbamate  trihydrate  therapy  recovered,  although 
three  experienced  protracted  convalescence,  and  no  fatalities  occurred. 

A  report  of  179  cases  of  nickel  carbonyl  poisoning  occurring  in  China  since  1961 
were  analyzed  for  clinical  signs  and  symptoms,  exposure  concentrations,  contact  time, 
and  general  data  regarding  the  subjects  and  cause  of  the  exposure  (6338).  The  subjects 
were  both  male  and  female  and  ranged  in  age  from  18  to  S3.  Causes  of  exposure  were: 
1)  accidental  spills  or  leaks  of  nickel  carbonyl  liquid  or  vapor  (the  most  common 
cause),  2)  feed  in  raw  material,  3)  checking  and  repairing  of  apparatus  and  tubes,  and 
4)  fire  fighting.  Contact  times  were  summarized  as  <  30  minutes  (59  cases),  one  hour 
(51  cases),  one  to  two  hours  (48  cases),  and  >  two  hours  (21  cases).  The  most 
frequent  symptoms  related  to  the  pulmonary  and  nervous  systems.  Although  a  wide 
range  of  clinical  symptoms  were  presented,  the  most  common  were  chest  tightness, 
dryness  of  the  throat,  cough,  dizziness,  headache,  nausea,  and  weakness.  The  most 
prevalent  clinical  signs  were  hyperemia  of  the  conjunctiva,  hyperemia  of  the  throat, 
tachycardia,  and  high  blotxl  pressure.  Treatment  was  dependent  upon  severity  of 
exposure  and  included  removal  from  exposure,  use  of  bronchodilators  and  symptomatic 
drugs,  administration  of  oxygen,  glucose  vitamin  C  and  corticosteroids,  administration  of 
Dithiocarb,  and  symptomatic  treatment  of  secondary  sequelae. 

Immunological  Effects 

In  addition  to  carcinogenic  effects,  nickel  and  nickel  compounds  are  also  associated 
in  varying  degrees  with  allergic  contact  dermatitis  and  asthma  (6283).  Numerous  case 
reports  are  available  attesting  to  the  fact  that  nickel  is  a  common  cause  of  contact 
dermatitis  with  an  especially  high  incidence  in  women  (five  to  ten-fold  greater  than  in 
men).  Sources  of  exposure  include  jewelry,  clothing  fasteners,  kitchen  utensils,  coins, 
and  dental  prostheses.  Occupational  asthma  has  also  been  reported  for  nickel-sensitive 
workers,  and  some  evidence  indicates  that  this  may  be  an  IgE  type  I  immunopathogenic 
process  (6300,  6301). 

A  case  of  asthma  in  a  24-year  old  man  following  occupational  exposure  to  nickel  was 
reported  by  McConnell  et  al.  (6304).  The  man  developed  pruritic  vascular  eruptions 
on  areas  of  his  body  that  had  been  in  contact  with  nickel  plated  metal  parts.  Use  of 
gloves  somewhat  reduced  the  dermatitis  on  his  hands  but  after  two  weeks  he  developed 
a  dry  cough,  chest  tightness,  and  wheezing  which  became  worse  during  work  and 
subsided  at  home.  Shortly  thereafter  he  was  admitted  to  a  hospital  with  elevated  blood 
pressure  and  pulse  rate,  wheezing,  and  a  vesicular  rash  on  his  arms.  A  chest  X-ray  was 
normal.  Immunologic  studies  showed  antibodies  to  nickel  salts  and  the  reaction  could 
be  elicited  by  controlled  inhalation  exposure  to  nickel  sulfate. 
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A  report  by  Novey  et  al.  (6301)  provided  evidence  for  immunologic  mechanisms  in 
nickel-induced  asthma.  The  study  was  based  on  a  case  of  de  novo  asthma  due  to 
occupational  exposure  of  a  32-year  old  man  to  fumes  of  nickel  and  chromium  salts  in 
an  electroplating  process.  An  inhalation  challenge  with  chromium  sulfate  and  nickel 
sulfate  each  produced  an  asthma-like  response.  A  radio-immunoassay  incorporating  the 
challenge  material  indicated  specific  IgE  antibodies  to  nickel  sulfate  and  chromium 
sulfate.  The  authors  suggested  that  the  asthma  condition  could  be  s{}ecifically  induced 
by  fumes  of  chromium  and  nickel  salts  even  in  a  previously  nonallergic  subject,  and  that 
an  IgE  type  I  immunopathogenic  mechanism  is  involved.  Another  study  by  Nieboer  et 
al.  (6307)  also  affirmed  the  immunologic  mechanism  for  nickel-induced  asthma  by 
identifying  antibodies  which  bind  to  and  similar  findings  were  reported  by  Malo 
et  al.  (6308)  for  a  subject  exposed  to  nickel  sulfate. 

A  case  of  contact  dermatitis  possibly  resulting  from  release  of  nickel  from  black¬ 
board  chalk  was  reported  (6302).  A  47-year  old  female  school  teacher  suffered  from  a 
vesicular  dermatitis  for  4  years.  Avoidance  of  contact  with  the  chalk  resulted  in 
improvement  of  the  condition.  Patch  testing  resulted  in  a  positive  reaction  to  nickel 
sulfate.  Analysis  of  the  chalk  revealed  a  nickel  content  of  2  ppm.  Although  most 
patients  tested  for  nickel  sensitivity  react  to  nickel  levels  higher  than  2  ppm,  several 
reports  were  cited  which  also  suggested  the  possibility  of  dermatitis  caused  by  nickel  in 
blackboard  chalk,  and  that  the  exposure  may  be  enhanced  by  perspiration  on  the 
hands. 

Romageura  et  al.  (6303)  conducted  tests  to  determine  the  source  of  contact 
dermatitis  due  to  nickel,  liie  study  used  964  patients  having  had  contact  dermatitis 
from  metals  (mostly  imitation  jewelry)  and  200  controls  with  no  such  prior  history. 
Sixty-five  per  cent  of  the  subjects  (63%  female,  2%  male)  who  did  not  tolerate 
imitation  jewelry  or  metal  ornaments  (containing  nickel),  or  did  not  tolerate  occupa¬ 
tional  exposure  to  metals,  were  sensitive  to  nickel  sulfate.  Of  the  patients  having  a 
positive  patch  test  to  nickel  sulfate,  50%  of  these  also  had  a  positive  reaction  to  a 
patch  test  with  a  nickel  washer. 

The  bioavailability  of  nickel  from  consumer  products  and  estimation  of  a  provoca¬ 
tion  threshold  was  reported  by  Emmett  et  al.  (6303)  for  12  subjects  sensitive  to  nickel. 
Patch  testing  with  serial  dilutions  (1%,  0.316%,  0.1%,  0.0316%,  0.01%,  or  0.00316%) 
of  nickel  sulfate  in  water  or  in  petrolatum  resulted  in  a  provocation  threshold  of  5.2  mg 
(2.5%)  for  the  aqueous  nickel  sulfate  and  0.47  pg  (0.01%)  for  the  nickel  sulfate  in 
petrolatum.  The  bioavailability  of  nickel  from  verified  dermatitis-inducing  earrings  and 
a  necklace  was  determined  by  immersing  these  items  in  plasma,  normal  saline,  and  at 
various  pH  values  (5.3,  6.6,  or  7.8)  of  synthetic  sweat  (0.1%  urea,  0.1%  lactic  acid, 

0.5%  sodium  chloride  and  buffered  ammonium  hydroxide)  for  2  or  7  days.  The  nickel 
leaching  under  these  conditions  frequently  exceeded  the  provocation  threshold  by  as 
much  as  1.4  (earring  in  synthetic  sweat  for  7  days,  pH  7.4)  to  93-fold  (earring  in  plasma 
for  7  days)  depending  on  the  jewelry  item  used  and  the  time  course.  Plasma  was  found 
to  be  most  efficient  at  removing  nickel  from  the  jewelry  items  and  possibly  explains  the 
frequent  induction  of  nickel  sensitization  by  car  piercing. 
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Nickel  sensitivity  is  steadily  increasing.  Of  2500  individuals  tested,  410  were  found 
to  be  nickel  positive  (6305).  A  single  dose  challenge  of  10  mg  of  nickel  sulfate  in 
water  to  25  nickel-sensitive  women  resulted  in  a  generalized  flare-up  or  localized 
reactions  (localized  flare-up,  itching)  in  18  of  the  subjects.  Fifteen  days  later  and  for  a 
period  of  three  months,  17  of  these  subjects  were  administered  gradually  increasing 
daily  doses  of  nickel  sulfate  in  water.  Of  these  subjects,  three  were  intolerant  of  the 
treatment  and  developed  worsening  cutaneous  reactions,  and  14  ended  the  trial  without 
incident.  The  authors  concluded  that  the  sensitized  subjects  could  not  adapt  to  the 
single  dose  of  10  mg  of  nickel  sulfate  but  a  gradual  intake  permitted,  probably  via 
intestinal  absorptions  mechanisms  rather  than  immunological  tolerance,  most  subjects 
to  tolerate  the  nickel  intake. 

Nielsen  ct  al.  (6378)  provided  data  indicating  that  nickel-sensitive  individuals  ma^ 
experience  exacerbation  of  nickel-induced  eczema  when  challenged  with  a  diet 
containing  a  higher  than  normal  (5-fold)  nickel  content. 

An  assessment  of  pulmonary  accumulation  of  nickel  in  humans  was  estimated  by 
Edelman  and  Roggli  (6306)  using  data  from  previously  published  reports.  Nickel  levels 
in  the  lung  were  much  greater  for  occupationally  exposed  individuals  (0.5  -  1350  pg/g 
wet  wt.  of  lung)  versus  individuals  with  no  known  occupational  exposure  (0.004  -  7.4 
pg/g  wet  wt.  of  lung).  A  dosimetry  model  was  developed  to  estimate  lung  nickel 
burden  resulting  from  ambient  air  exposure  and  from  cigarette  smoking.  Based  on 
existing  data  and  application  of  the  model,  cigarette  smoking  was  determined  to 
significantly  increase  the  pulmonary  burden  of  nickel  (0.17  pg/g)  over  a  40-year  period. 

76J.2.2  Chronic  Toxicologic  Effects 

Chronic  exposure  to  inhalation  of  nickel  dusts  and  aerosols  may  contribute  to 
chronic  respiratory  disorders  such  as  asthma,  bronchitis,  rhinitis,  sinusitis,  perforation  of 
the  nasal  septum,  and  pneumoconiosis  (6222).  Sufficient  evidence  is  available  for 
n'ckel-induced  carcinogenicity  in  humans,  specifically  cancer  of  the  lungs  and  nasal 
sinuses  (6288). 

Human  epidemiologic  studies  of  nickel  refinery  workers  have  strongly  suggested 
increased  incidence  of  nasal  and  lung  cancers  following  inhalation  exposure  to  nickel 
(6283).  Ip  summarizing  epidemiologic  studies  conducted  prior  to  1975,  the  National 
Academy  of  Sciences  (6289)  indicated  that  nickel  refinery  workers  showed  an  increased 
risk  of  pulmonary  and  nasal  cavity  cancers  with  epidermoid,  anaplastic,  and  pleomor¬ 
phic  carcinomas  being  the  most  common. 

Morgan  (6294)  provided  daia  on  the  number  of  workers,  the  length  of  employineni, 
year  of  entry  into  employment,  and  the  number  of  cases  of  lung  cancer  for  workers  at 
the  Clydach,  Wales  nickel  refinery.  The  rate  of  nasal  cancer  and  lung  cancer  was 
highest  for  those  workers  employed  between  1900  and  1924,  a  time  during  which 
workers  were  not  using  respirators  or  filtering  masks. 

An  increased  risk  of  nasal  cavity  and  lung  cancer  w'.s  indicated  for  937  individuals 
employed  fi)r  at  least  five  years  at  the  Clyuach  nickel  refinery  in  Wales  during  1902- 
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1944  (6292).  A  follow-up  study  (to  1971)  revealed  145  lung  cancers  and  56  nasal  sinus 
cancers.  Based  on  SMRs  determined  using  age  and  time-specific  rates  of  cancer  in 
England  and  Wales,  a  very  high  risk  for  nasal  sinus  cancer  (9,000  to  64,900  depending 
on  year)  was  determined.  The  incidence  of  nasal  sinus  cancer  was  not  significant  after 
1924  and,  as  previously  mentioned,  probably  coincides  with  the  use  of  respirators. 

A  third  report  using  data  from  the  Clydach  refinery  extended  the  follow-up  period 
of  the  previous  report  to  1981  (6295).  Workers  in  the  calcining  furnace  area,  calcining 
crushing  operations,  copper  sulfate  area,  and  the  Orford  furnace  area  exhibited 
statistically  higher  rates  of  lung  cancer,  nasal  cancer,  or  lung  and  nasal  cancer  com¬ 
bined.  A  positive  relationship  was  found  between  nasal  cancer  and  age  at  first 
exposure,  but  no  such  relationship  was  noted  for  lung  cancer.  An  increased  risk  for 
both  lung  and  nasal  cancer  relative  to  increasing  duration  of  exposure  to  high  nickel 
levels  was  noted.  The  risks  for  both  lung  and  nasal  cancer  was  low  for  the  first  20 
years  after  initial  exposure  and  increased  up  to  40  years  after  first  exposure  for  lung 
cancer  and  greater  than  50  years  for  nasal  cancer. 

A  number  of  studies  are  published  regarding  the  International  Nickel  Company,  Inc. 
of  Ontario,  Canada.  Sutherland  (6296)  studied  a  cohort  of  2,.^55  workers  employed  for 
at  least  5  years  at  the  plant.  Mortality  data  for  the  period  1930  through  1957  was 
examined  and  indicated  that  19  of  245  deaths  were  attributed  to  lung  cancer  and  that 
only  8.45  were  expected  (P<0.001).  The  excess  deaths  due  to  lung  cancer  were  most 
prevalent  for  those  working  in  the  furnace  exposure  area  (SMR=380).  Nasal  sinus 
cancer  was  also  found  to  be  greater  with  seven  deaths  recorded  and  only  0.19  expected 
(P<0.001)  but  follow-up  studies  indicated  that  it  was  not  limited  to  just  the  furnace 
workers.  Additional  follow-up  studies  (summarized  by  the  U.S.EPA  in  reference  6204) 
using  more  sophisticated  analyses  also  showed  increased  risk  of  lung  and  nasal  cancer 
due  to  nickel  exposure. 

An  evaluation  of  all  pertinent  epidemiologic  studies  of  occupational  exposure  to 
nickel  indicated  that  each  study  was  deficient  in  some  respect  but  the  available  data 
strongly  indicated  that  nickel  from  calcining  and  sintering  operations  is  a  potent 
carcinogen  with  respect  to  nasal  and  pulmonary  cancer  (6293)  .  However,  none  of  the 
studies  provided  data  that  could  identify  any  one  nickel  compound  as  the  carcinogenic 
form.  Increased  cancer  risk  in  nickel-using  industries  could  not  be  confirmed  from  the 
available  data,  nor  could  they  exclude  the  possibility  of  cancer  risk  due  to  nickel 
exposure. 

An  evaluation  of  the  health  of  workers  in  high-nickel  (75%)  alloy  welding  was 
conducted  where  a  time-weighted  average  exposure  was  determined  to  be  0.44  mg 
Ni/m^  (0.07  to  1.1  mg  Ni/m^  range)  (6361).  Eleven  workers  were  examined  for  whom 
nickel  exposure  was  5.6  hr/day,  4  daysAveek  for  6  weeks.  A  group  of  ten  individuals 
matched  for  smoking  habits  and  with  no  previous  occupational  exposure  to  nickel 
served  as  controls.  Although  not  correlated  with  nickel  exposure  level,  urine  levels  of 
nickel  were  significantly  higher  on  Tliursday  afternoons  relative  to  Monday  mornings. 
The  nickel-exposed  workers  experienced  a  significant  (P <0.006)  increase  in  the 
incidence  of  airway  irritations,  eye  irritations,  headaches,  and  tiredness.  No  changes  in 
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vital  capacity  or  one-second  forced  expiratory  volume  were  noted  for  the  nickel- 
exposed  workers. 

7633  Levels  of  Concern 

Based  on  epidemiology  data,  quantitative  unit  cancer  risk  estimates  for  inhalation 
exposure  to  nickel  have  been  established  by  the  U.S.  EPA  (6204).  Lifetime  cancer  risk 
levels  of  4E-01,  4E-02,  and  4E-03  pg/m^  have  been  estimat^  at  lE-04,  lE-05,  and  lE- 
06,  respectively  for  inhalation  exposure  to  nickel  dust.  For  inhalation  exposure  to 
nickel  subsulfide,  corresponding  estimates  are  2E-01,  2E-02,  and  2E-03  pg/m^  respec¬ 
tively.  An  incremental  unit-risk  slope  for  carcinogenic  potency  of  2.4E-04  (pg/m^)'‘  for 
nickel  refinery  dust  and  4.8E-04  (pg/m^)'*  for  nickel  subsulfide  have  been  calculated 
(6204).  The  unit  risk  for  nickel  subsulHde  should  not  be  used  if  air  concentrations 
exceed  20  pg/m\  The  U.S.EPA  (6377)  classifies  nickel  dust  and  nickel  subsulfide  as 
Group  A  (human  carcinogen),  and  nickel  carbonyl  is  classified  as  Group  B2  probable 
human  carcinogen  (inadequate  evidence  in  humans,  sufficient  evidence  in  animals). 

lARC  (6288)  classifies  nickel  and  nickel  compounds  as  Group  2A  (limited  evidence 
in  humans,  sufficient  evidence  in  animals).  The  nickel  compounds  of  concern  regarding 
this  classification  are  nickel  powder,  nickel  sul^ulfide,  nickel  oxide,  nickel  hydroxide, 
nickel  carbonate,  nickel  cartenyl,  nickelocene,  nickel  iron-sulfide  matee,  and  nickelous 
acetate. 

OSHA  (7000)  has  established  an  8-hr  TWA  of  0.007  mg/Ni/m^  (0.001  ppm)  as  nickel 
carbonyl,  1  mg  Ni/m^  as  nickel  metal  or  insoluble  nickel  compounds,  and  0.1  mg  Ni/m^ 
as  soluble  nickel  compounds.  ACGIH  (6367)  has  established  a  TLV  (8-hr  TWA)  of 
1.0  mg  Ni/m^  as  nickel  dust  or  insoluble  nickel  compounds  and  0.1  mg  Ni/m’  for  soluble 
nickel  compounds.  More  recently,  however,  ACGIH  (6375)  has  listed  nickel  and  nickel 
compounds  on  its  1989-1990  List  of  Intended  Changes  in  which  the  following  proposed 
changes  to  the  TWA  were  indicated:  0.05  mg/m^  for  nickel  metal,  soluble  nickel 
compounds  and  insoluble  nickel  compounds.  NIOSH  (as  cited  in  6206)  has  established 
a  time-weighted  average-threshold  value  (TWA-TLV)  of  15  pg/m’  for  elemental  nickel 
and  all  nickel  compounds  except  organo-nickel  compounds  with  a  covalent  carbon- 
nickel  bond  (e.g.  nickel  carbonyl). 

U.S.  EPA  (6362)  has  established  an  ambient  water  quality  criterion  of  13.4  pg/L  for 
the  protection  of  human  health  from  the  toxic  effects  of  nickel  ingested  through  water 
and  contaminated  organisms.  For  protection  from  toxic  effect  due  to  ingestion  of 
aquatic  organisms  alone,  a  criterion  of  100  pg/L  has  been  established.  An  MCL  and 
MCLG  of  100  pg/L  has  been  established  by  the  U.S.  EPA  (6407).  Health  advisories 
regarding  water  exposure  limits  have  also  been  established  by  the  U.S.  EPA  (6365)  and 
are  as  follows: 


1-day  (child):  1000  pg/L 
10-day  (child):  1000  pg/L 
longer-term  (child):  100  pg/L 
longer-term  (adult):  600  pg/L 
lifetime  (adult):  100  pg/L 
DWEL:  600  pg/L 
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No  health-based  drinking  water  guideline  has  been  established  by  the  World  Health 
Organization  (6221). 

The  U.S.  EPA  (6377)  has  established  a  reportable  quantity  (RQ)  of  1  lb  for  nickel 
metal  (<100  pm  in  diameter),  nickel  carbonyl,  and  nickel  cyanide.  TTie  RQ  for  nickel 
hydroxide  is  1000  lb.  and  for  nickel  ammonium  sulfate,  nickel  chloride,  nickel  nitrate, 
and  nickel  sulfate,  the  RQ  is  5000  lb.  The  threshold  planning  quantity  (TPQ)  as 
established  under  the  authority  of  SARA  (Sect.  302)  is  10,000  lb  for  nickel  and  1  lb  for 
nickel  carbonyl  (EPA  1987). 

The  Food  and  Drug  Administration  (6366)  classifies  nickel  as  a  GRAS  (generally 
recognized  as  safe)  direct  food  additive. 

Qral  and  dermal  exposure  of  humans  to  natural  concentrations  of  nickel  in  waters, 
soils,  and  foods  was  not  considered  to  be  a  biological  threat  (6289). 

763.4  Hazard  Assessment 

Animal  studies  have  provided  evidence  for  respiratory  tract  cancer  (6346,  6281)  and 
renal  malignancies  (6368,  6369).  A  review  of  the  literature  indicated  nickel  subsulfide 
to  be  the  most  potent  carcinogenic  nickel  compound  (6283).  A  number  of  epidemio¬ 
logical  studies  have  provided  evidence  for  nickel-induced  nasal  cancer  in  refinery 
workers,  especially  prior  to  the  use  of  respirators.  Nickel  compounds  have  been 
classified  as  Group  I  (carcinogenic  to  humans)  by  lARC  (6288).  Metallic  nickel  is 
considered  by  lARC  to  be  in  Group  2B  (possibly  carcinogenic  to  humans).  The  U.S. 
EPA  (6204)  classified  nickel  dust  and  nickel  subsulfide  as  Group  A  carcinogens  (human 
carcinogen),  and  nickel  carbonyl  as  a  Group  B2  carcinogen  (probable  human  carcino¬ 
gen;  inadequate  evidence  in  humans,  sufficient  evidence  in  animals). 

Investigations  assessing  the  genotoxic  potential  of  nickel  and  nickel  compounds 
provided  equivocal  results.  In  evaluating  available  data,  the  U.S.  EPA  (6204)  conclud¬ 
ed  that  nickel  did  not  exhibit  clastogenic  activity.  However,  Sunderman  et  al.  (6369) 
reported  chromosomal  abnormalities,  and  gene  amplification,  in  rats  receiving 
intrarenal  injections  of  nickel  subsulfide.  Bacterial  mutagenicity  assays  indicated  that 
nickel  compounds  are  only  weakly  or  not  at  all  mutagenic  (6204,  6283). 

Animal  studies  have  indicated  that  nickel  is  known  to  cross  feto-maternal  barriers 
(6319),  is  taken  up  by  the  embryo  during  early  gestation  (6323,  6320),  and  is  excreted 
into  the  milk  of  rats  (6324).  Evaluated  data  indicate  that  inhalation,  oral  or  parenteral 
exposure  of  animals  to  nickel  during  gestation  may  result  in  developmental  and 
reproductive  toxicity  in  laboratory  animals. 

Numerous  animal  studies  are  available  affirming  the  noncarcinogenic  toxicity  of 
nickel  and  nickel  compounds  following  short-term  or  long-term  inhalation  or  oral 
exposure.  Depending  on  the  exposure  concentration,  effects  may  range  from  minor 
histological  alterations  to  death  and  may  involve  the  lungs  and/or  kidneys.  The  highly 
toxic  effects  of  acute  inhalation  exposure  to  nickel  carbonyl  arc  well  documented  and, 
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therefore,  acute  exposure  to  this  compound  at  even  low  c<)ncentrations  is  very  danger¬ 
ous. 


Contact  dermatitis  and  nickel-induced  asthma  are  well  documented  in  humans. 
These  responses  are  known  to  occur  following  exposure  to  a  wide  variety  of  nickel 
compounds  and  nickel-containing  products  such  as  jewelry,  chalk,  kitchen  utensils, 
coins,  dental  prostheses,  etc.  There  is  evidence  suggesting  that  some  of  these  respons¬ 
es  are  immunologically  mediated. 


76.4  SAMPLING  AND  ANALYSIS  CONSIDERATIONS 

Determination  of  nickel  concentrations  in  soil  and  water  requires  the  collection  of  a 
representative  field  sample  and  the  maintenance  of  proper  storage  conditions  prior  to 
laboratory  analysis.  Samples  for  metal  determinations  should  be  collected  in  either 
glass,  polypropylene  or  teflon  containers.  The  sample  containers  should  have  been 
previously  cleaned  with  the  following  sequence  of  reagents  to  minimize  bottle  contami¬ 
nation:  detergent,  tap  water,  1:1  nitric  acid,  tap  water,  1:1  hydrochloric  acid,  tap  water, 
and  Type  II  water.  Approximately  600  mL  of  aqueous  sample  should  be  collected  to 
ensure  a  final  sample  digestion  volume  of  100  mL.  To  reduce  the  probability  of  metal 
hydrolysis,  metal  adsorption  onto  or  leaching  from  the  sample  container,  or  chemical 
transformation  through  bacterial  metabolism,  the  aqueous  sample  must  be  preserved 
with  the  addition  of  nitric  acid  such  that  the  final  pH  is  less  than  pH  2.  At  least  200 
grams  of  solid  sample  should  be  collected  to  prepare  a  sample  digestion  volume  of  100 
mL.  Usually  no  preservative  procedure  is  required  for  solid  samples  other  than  storage 
at  4X  until  sample  analysis.  All  samples  should  be  analyzed  within  180  days  of  sample 
collection.  In  addition  to  the  targeted  samples,  duplicates  and  spiked  matrices  should 
be  included  in  the  analytical  program  to  ascertain  the  reproducibility  and  accuracy  of 
the  analytical  determination  (6371). 

Analytical  methods  available  for  analyzing  inorganic  nickel  in  water,  soils  and  waste 
include  atomic  absorption  (Methods  249.1  and  249.2)  and  inductively  coupled  plasma 
atomic  emission  spectrometry  (Method  200.7)  techniques.  Depending  upon  the 
analytical  method,  treatment  with  acid  or  a  combination  of  acid  with  hydrogen  peroxide 
is  used  to  digest  the  samples.  Sample  preparation  procedures  specific  to  each  analytical 
technique  are  described  in  Methods  200.0,  and  200.7  for  aqueous  samples  and  Methods 
3005,  3010,  3020,  3040,  and  3050  for  solid  or  waste  samples.  Quality  control  samples 
should  be  processed  with  the  samples  to  determine  whether  analyte  losses  have 
occurred  during  the  sample  dissolution  procedure  (6372). 

The  atomic  absorption  techniques  are  probably  the  most  common  procedures  for 
determining  the  concentration  of  nickel  in  water,  soil  and  waste  samples.  Following  the 
appropriate  digestion  of  the  sample,  a  representative  aliquot  of  the  digestate  is 
atomized  by  either  directly  aspirating  it  into  a  flame  or  by  charring  it  in  a  graphite  tube 
furnace,  llie  absorption  of  hollow  cathode  or  clectrodcless  discharge  lamp  radiation  at 
232.0  nm  will  be  proportional  to  the  nickel  concentration.  The  detection  ranges  are 
0.3-5  mg/L  and  5-50  pg/L  for  the  flame  and  the  furnace  atomic  absorption  techniques, 
respectively.  No  U.S.  EPA  data  is  currently  available  to  document  the  precision  and 
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accuracy  of  the  graphite  furnace  technique.  In  a  single  U.S.  EPA  study,  using  mixed 
industrial-domestic  waste  effluent,  the  standard  deviation  of  results  ranged  from  1-5%. 
The  recovery  at  the  0.2-5  mg  Ni/L  ranged  from  93-100%  (6371). 

The  U.S.  EPA  also  approves  the  use  of  the  inductively  coupled  plasma  (ICP) 
atomic  emission  method  for  determining  nickel  in  support  of  environmental  monitoring 
(6370).  The  technique  is  based  upon  the  simultaneous  or  sequential  multi-clement 
measurement  of  atomic  emission  of  trace  metals.  A  preserved  and/or  digested  sample 
is  nebulized  to  form  an  aerosol  that  is  introduced  into  a  high  temperature  plasma 
where  atomic  excitation  occurs.  Characteristic  atomic-line  emission  spectra  are 
produced  by  a  radio-frequency  inductively  coupled  plasma  and  are  dispersed  by  a 
grating  spectrometer.  The  line  intensities,  which  are  a  measurement  of  elemental 
concentrations,  are  monitored  by  photomultiplier  tubes.  Optical  compensation 
techniques  are  used  to  correct  for  spectral  interferences.  In  a  U.S.  EPA  evaluation  of 
the  reproducibility  and  accuracy  of  the  ICP  method,  the  mean  percent  relative  standard 
deviation  for  triplicate  analysis  of  22  elements  was  found  to  be  9%.  The  mean  percent 
recovery  of  spiked  elements  for  all  waste  samples  was  93%  (6371). 


Detection  Limit 

Method 

15  |ig/L  (aqueous  &  nonaqueous) 

200.7 

40  pg/L  (aqueous  &  nonaqueous) 

249.1 

1  pg/L  (aqueous  &  nonaqueous) 

249.2 
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COMMON  SYNONYMS: 
Copper 

Allbri  natural  copper 
ANAC  no 
C.I.  77400 

C.I.  Pigment  metal  2 


CAS.REG.no.:  7440-50-8 
NIOSHNO.:  GL  5325000 
EPA  HAZARDOUS  WASTE  NO.: 


ND 


CHEMICAL  SYMBOL  Cu 


REACnVITY  (5802) 


Cu  +  Water  (g)  -  no  reaction  below  800“  C 
Cu  +  Ocean  Air  containing  salt  -  basic  chloride,  CuCl2.3Cu(OH)2 
Cu  +  Air  containing  sulfur  dioxide  -  green  patina  of 
basic  sulfate,  CuS04.Cu(0H)2 

Cu  -t-  Air  containing  carbon  dioxide  -  basic  carbonate,  Cu2(0H)2C03(5822) 

Cu  +  Hydrazoic  acid  or  hydrogen  sulfide  -  violent  reaction(5800) 

Cu  +  Lead  azide,  sodium  azide,  or  hydrazine  mononitrate  -* 
violent  reaction  (5800) 

Cu  +  Nitric  acid  -  cupric  nitrate  +  oxides  of  nitrogen 
Cu  +  Dilute  hydrochloric  acid  -  no  reaction 
Cu  +  NaOH,  KOH  -  no  reaction 

Cu  +  Ammonium  nitrate,  bromates,  chlorates,  iodates,  -  violent  reaction (5800) 
Cu  +  Chlorine,  fluorine,  hydrogen  peroxide  -  violent  rcaction(5800) 

Cu  +  Potassium  peroxide,  sodium  peroxide  -»  violent  reaction  (5800) 


PHYSICO-CHEMICAL  DATA 

•  Atomic  Weight:  63.54 

(5801) 

•  Atomic  Number:  29 

(5801) 

•  Physical  State:  Solid  (at  20“  C) 

(5804) 

•  Color:  Reddish-brown 

(5804) 

•  Odor:  NA 

•  Odor  Threshold:  NA 

•  Density:  8.%  g/cm^  (at  20“  C) 

(5801) 

•  Melting  Point:  1083  ±  0.1“C 

(5801) 

•  Boiling  Point:  2595“  C 

(5801) 
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_  I 

PHYSICO-CHEMICAL  DATA  (ConL) 


•  Flash  Point:  NA 

•  Flammable  Limitsj  NA 

•  Autoignition  Temperature:  NA 

•  Vapor  Pressure:  1  mm  Hg  at  1628®  C  (5800) 

•  Saturated  Concentration  in  Air:  NA 

•  Solubility  in  Water:  Insoluble  (5801) 

•  Viscosity:  3.41  cP  at  1145®C  (5806) 

•  Surface  Tension:  1104  dyn/cm  at  1150®  C  (5806) 

•  Log  (Octanol- Water  Partition  CoefF.):  NA 

•  Soil- Water  Distribution  Coeff.,  Kj  (mL/g):  1.4  -  333  (5807) 

•  Log  K  (Stab.  Const,  for  humic  acid-Cu^'^  complex  at  pH  8):  5.0  (5813) 

•  Henry’s  Law  Constant:  NA 

•  Bioconcentration  Factor:  28,200  (oysters)  (5818) 


HANDLING  PRECAUTIONS  (5815) 


Gloves,  goggles,  and  overalls  should  be  worn.  For  copper  dusts  or  mists,  OSHA 
recommendations  for  respirator  are  given  as  follows: 


5.0  mg/m’ 
10  mg/m’ 

25  mg/m’ 

50  mg/m’ 


1,000  mg/m’ 
2,000  mg/m’ 


Any  dust  or  mist  respirator  except  single  use 
apparatus. 

Any  dust  or  mist  respirator  except  single  use  and 
quarter-mask  unit,  or  any  supplied-air  respirator, 
or  any  self-contained  breathing  apparatus. 

Any  powered  air  purifying  respirator  with  a  dust  and 
mist  filter,  or  any  supplied-air  respirator  operated 
in  a  continuous  flow  mode. 

Any  air-purifying  full  facepiece  respirator  with  a  high 
efficiency  particulate  filter,  or  any  self-contained 
breathing  apparatus  with  a  full  facepiece,  or  any 
supplied-air  respirator  with  a  full  facepiece,  or  any 
powered  air-purifying  respirator  with  a  tight-Htting 
facepiece  and  a  high  efficiency  particulate  filter. 

Any  supplied-air  respirator  operated  in  a 
pressure-demand  or  other  positive  pressure  mode. 

Any  supplied-air  respirator  with  a  full  facepiece 
operated  in  a  pressure-demand  or  other  positive 
pressure  mode 
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COMMON  SYNONYMS: 

Copper  chloride 
Copper  dichloride 
Copper  bichloride 


CAS.REG.no.:  7447-39-4 
NIOSHNO.:  ND 

EPA  HAZARDOUS  WASTE  NO.:  ND 


CHEMICAL  FORMULA:  CuCU 


REACTIVITY  (5875) 


Corrosive  to  aluminum.  Hydrogen  chloride  gas  may  be  formed  in  fires  or  on 
contact  with  acids  or  acid  fumes. 


PHYSICO-CHEMICAL  DATA  (5875) 


Molecular  Weight:  134.45 

Physical  State:  Microcrystalline  powder 

Color:  Yellow  to  brown 

Odor:  ND 

Odor  Threshold:  NA 

Density:  3.39  g/cm^  (at  25®  C/4®  C) 

Melting  Point:  630®  C  (estimate) 

Boiling  Point:  993®  C,  decomposes  to  cuprous  chloride 

Flash  Point:  Not  combustible 

Flammable  Limits:  Not  combustible 

Autoignition  Temperature:  Not  combustible 

Vapor  Pressure:  ND 

Saturated  Concentration  in  Air:  ND 

Solubility  in  Water:  73  parts  per  100,  at  20®  C 

Viscosity:  ND 

Surface  Tension:  ND 

Log  (Octanol-Water  Partition  Coeff.):  ND 

Log  K  (Stab.  Const,  for  humic  acid  complex):  ND 

Soil-Water  Distribution  Coeff.:  ND 

Henry’s  Law  Constant:  NA 

Bioconcentration  Factor:  ND 
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HANDLING  PRECAUTIONS  (5815,  5875) 


Causes  burns  to  skin  and  eyes.  Also  harmful  if  inhaled.  For  copper  dusts  or 
mists,  wear  protective  clothing,  gloves  and  eye  goggles,  and  use  respirator. 
OSHA  recommendations  for  respirator  use  for  exposures  to  copper  dusts  or 
mists  are  listed  in  Handling  Precautions  section  for  copper  metal. 
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COMMON  SYNONYMS: 

Copper  nitrate 

Cupric  nitrate 

CAS.REG.no.:  .3251-23-8 

NIOSHNO.:  QU7400000 

EPA  HAZARDOUS  WASTE  NO.;  ND 

CHEMICAL  FORMULA  CuHjNOj 

REACTIVITY  (5875) 


Strong  oxidizing  agent;  may  cause  ignition,  violent  combustion,  or  explosion 
when  in  contact  with  readily  oxidizable  materials.  Decomposes  at  338°  C 
releasing  toxic  gases  of  oxides  of  nitrogen. 


PHYSICO-CHEMICAL  DATA  (5875) 


Molecular  Weight;  187.56 
Physical  State:  Crystals 
Color:  Blue-green 
Odor;  ND 
Odor  Threshold:  ND 
Density:  2.07  g/cm^  (trihydrate) 

Melting  Point:  255-256° C 

Boiling  Point:  ND 

Flash  Point:  Not  combustible 

Flammable  Limits:  Not  combustible 

Autoignition  Temperature:  Not  combustible 

Vapor  Pressure:  NA 

Saturated  Concentration  in  Air:  NA 

Solubility  in  Water:  Soluble 

Viscosity:  ND 

Surface  Tension:  ND 

Log  (Octanol-Water  Partition  Coeff.):  ND 

Log  K  (Stab.  Const,  for  humic  acid  complex);  ND 

Soil-Water  Distribution  Coeff.;  ND 

Henry’s  Law  Constant:  NA 

Bioconcentration  Factor:  ND 
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HANDLING  PRECAUTIONS  (5875) 


Contact  may  cause  burns  to  the  skin  or  eyes.  Wear  appropriate  clothing  and  eye 
protection  to  avoid  prolonged  contact.  OSHA  recommendations  for  respirator 
use  for  exposures  to  copper  dusts  or  mists  are  listed  in  Handling  Precautions 
section  for  copper  metal. 
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COMMON  SYNONYMS: 

CAS.REG.no.:  7758-98-7 

NIOSHNO.:  GL  8800000 

Copper  sulfate 

EPA  HAZARDOUS  WASTE  NO.:  ND 

Cupric  sulfate 

Sulfuric  acid,  copper  (2+) 

salt  (1:1) 

CHEMICAL  FORMULA  CUSO4 

REACTIVITY  (5802) 


CuSO^  Boiling  water  -  precipitate  of  basic  copper  sulfate  -t-sulfuric  acid 
CUSO4  +  Mg  -  CujO  -H  Hj  + 

CUSO4  +  NH4CI  -  (NH4)2S04  +  CuClj 

CUSO4  +  NaOH/KOH  -  Cu(OH)2  +  Na2S04/K2S04 

CUSO4  +  Aq.  NH3  (small  excess)  -  Cu(NH3)2^*  20H’‘ 


PHYSICO-CHEMICAL  DATA  (5801) 


Molecular  Weight:  159.60 
Physical  State:  Rhombic  crystals 
Color:  Greenish  white 
Odor:  Odorless 
Odor  Threshold:  ND 
Density:  3.603  g/cm^ 

Melting  Point:  above  200°  C 

Boiling  Point:  650°  C 

Flash  Point:  NA 

Flammable  Limits:  NA 

Autoignition  Temperature:  NA 

Vapor  Pressure:  NA 

Saturated  Concentration  in  Air:  NA 

Solubility  in  Water:  14.3  g/100  mL  (0°C),  75.4  g/100  mL(l00°C) 

Solubility  in  Non-aqueous  Media:  Insoluble  in  alcohol 

Viscosity:  NA 

Surface  Tension:  NA 

Log  (Octanol- Water  Partition  Cocff.):  NA 

Log  K  (Stab.  Const,  for  humic  acid  complex):  ND 

Soil- Water  Distribution  Cocff.:  ND 

Henry’s  Law  Constant:  NA 

Bioconcentration  Factor:  ND 


ns  COPPER  -  COPPER  SULFATE 


HANDLING  PRECAUTIONS  (5810,  5824) 


Goggles,  gloves,  and  protective  clothing  should  be  worn  (5810).  Contact  may 
cause  burns  to  skin  and  eyes.  Fire  may  produce  irritating  or  poisonous  gases. 
Runoff  from  fire  control  or  dilution  water  may  cause  pollution  (5824). 

OSHA  recommendations  for  respirator  use  for  exposures  to  copper  dusts  or 
mists  are  listed  in  Handling  Precaution  section  for  copper  metal. 
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COMMON  SYNONYMS: 

Copper  sulfide 
Cupric  sulfide 
Copper  monsulfide 


CAS.REG.no.:  1317-40-4 
NIOSHNO.:  GL8912000 
EPA  HA2^ARDOUS  WASTE  NO.: 


CHEMICAL  FORMULA;  CuS 


REACTIVITY  (5875) 


Reacts  vigorously  with  hydrogen  peroxide.  Explodes  on  contact  with  a 
concentrated  solution  of  chloric  acid  or  chlorates  of  magnesium,  cadmium  or 


PHYSICO-CHEMICAL  DATA  (5875) 


Molecular  Weight:  95.61 
Physical  State:  Solid 
Color:  Black 
Odor:  ND 
Odor  Threshold:  ND 
Density:  4.6  g/cm^ 

Melting  Point;  220°  C  (decomposes) 

Boiling  Point:  ND 

Flash  Point:  ND 

Flammable  Limits:  ND 

Autoignition  Temperature:  ND 

Vapor  Pressure:  NA 

Saturated  Concentration  in  Air:  NA 

Solubility  in  Water:  0.033  mg/100  mL  (at  18°C) 

Viscosity:  NA 

Surface  Tension:  NA 

Log  (Octanol-Water  Partition  Coeff.):  NA 

Log  K  (Stab.  Const,  for  humic  acid  complex);  ND 

Soil- Water  Distribution  Coeff.:  ND 

Henry’s  Law  Constant:  NA 

Bioconcentration  Factor;  ND 
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HANDLING  PRECAUTIONS  (5815) 


OSHA  recommendations  for  respirator  use  for  exposures  to  copper  dusts  or 
mists  are  listed  in  Handling  Precautions  section  for  copper  metal. 
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PERSISTENCE  IN  THE  SOII^WATER  SYSTEM 


The  mobility  of  copper  in  soluble  forms  such  as  copper  sulfate  depends  largely 
on  soil  pH.  Most  of  the  soluble  forms  of  copper  are  fairly  tightly  bound  to  the 
organic  matter  in  the  soil.  At  a  pH  <3,  appreciable  leaching  of  copper  can  take 
place.  At  pH  4.5,  only  3  percent  of  copper  was  extractable  with  water  from  an 
organic  spruce  forest  soil  (5808). 


PATHWAYS  OF  EXPOSURE 


The  probable  routes  of  human  exposure  to  copper  are  inhalation,  ingestion,  and 
dermal  or  eye  contact.  For  the  general  population,  ingestion  through  food  is 
usually  more  important  than  intake  through  water  unless  the  water  is  very  soft 
and  acidic  and  has  been  supplied  through  copper  pipes. 


HEALTH  HAZARD  DATA 


toms  of  Short-term  Human 


Ingestion  of  gram  quantities  of  copper  sulfate  is  highly  toxic  causing  severe 
abdominal  pain,  vomiting,  diarrhea,  hematuria  and  convulsions,  which  may  be 
fatal.  Patients  who  have  recovered  from  acute  poisoning  may  die  later  from 
necrosis  of  the  kidneys.  Inhalation  of  copper  oxide  dust  and  fumes  causes  metal 
fume  fever  accompanied  by  cough,  vomiting,  chills,  muscle  ache,  irritated  eyes, 
metal  or  sweet  taste,  cyanosis,  abdominal  distension,  and  diarrhea  (5804,  5810). 

Acute  Toxia'tv  Studies: 

Inhalation: 

No  data 


LDlo  200  mg/kg 

(copper  chloride) 

Human 

(5871) 

LDlo  200  mg/kg 

(copper  hydroxide) 

Human 

(5871) 

LDjo  140  mg/kg 

(copper  chloride) 

Rat 

(5871) 

LDjo  940  mg/kg 

(copper  nitrate  trihydrate) 

Rat 

(5871) 

LD50  470  mg/kg 

(copper  oxide) 

Rat 

(5871) 

LDy,  1440  mg/kg 

(copper  oxychloride) 

Rat 

(5875) 

LD50  300  mg^g 

(copper  sulfate) 

Rat 

(5809) 

LD50  960  mg/kg 

(copper  sulfate  pentahydratc) 

Rat 

(5871) 

77-12 


COPPER 


HEALTH  HAZARD  DATA  (ConL) 


Acute  Toxicity  Studies: 
E)ennal: 

No  data 


Long-Term  Effects: 

There  is  limited  evidence  that  chronic  exposure  to  copper  results  in  toxic  effects 
in  humans  (5804).  Indian  Childhood  Cirrhosis  has  been  attributed  to  high 
copper  levels  in  the  diet  caused  by  the  use  of  food  and  water  storage  containers 
made  of  copper  alloys.  Liver  disease  also  occurs  in  patients  with  Wilson’s 
disease,  a  genetic  condition  causing  copper  to  be  retained  in  the  body. 


Pregnancv/Nconatc  Data: 

Intramuscular  administration  of  4  mg/kg  of  copper  in  early  pregnancy  affected 
the  development  of  the  central  nervous  system  of  rat  fetuses  (5814). 


Gcnotoxicitv  Data: 

Conflicting  data  have  been  reported  on  the  potential  genotoxicity  of  copper. 
Most  copper  compounds  tested  were  found  to  be  non-mutagenic  in  microbial 
assays.  In  contrast,  copper  sulfate  was  found  to  cause  chromosomal  aberrations, 
micronuclei,  and  sperm  abnormalities  when  tested  in  vivo  in  mice. 


Carcinogenicity  Classification: 


lARC  —  No  data 
NTP  —  No  data 

EPA  —  Group  D  (not  classifiable) 
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ENVIRONMENTAL  AND  OCCUPATIONAL 
STANDARDS  AND  CRITERIA 


AIR  EXPOSURE  LIMITS: 
Standards 

•  OSHA  PEL  (8-hr  TWA): 

•  OSHA  STEL  (15-min): 

•  AFOSH  PEL  (8-hr  TWA): 


Criteria 

•  NIOSH  IDLH  (30-min): 

•  NIOSH  REL  (10-hr  TWA): 

•  NIOSH  STEL  (15-inin  ceiling); 

•  ACGIH  TLV«  (8-hr  TWA): 

•  ACGIH  STEL  (15-min): 

WATER  EXPOSURE  LIMITS: 
Drinking  Water  Standards  (5889) 

•  MCLG  (proposed): 

•  MCL  (proposed): 

•  Secondary  MCL: 


Copper  fume  (as  Cu)  0.1  mg/m^ 

Copper  dusts  and  mists  (as  Cu)  1  mg/m^ 
ND 

Copper  fume  (as  Cu)  0, 1  mg/m^ 

Copper  dusts  and  mists  (as  Cu)  1  mg/m^ 


Copper  fume  (as  Cu)  0.2  mg/m^ 

Copper  dusts  and  mists  (as  Cu)  1  mg/m^ 


1.3  mg/L 
1.3  mg/L 
1  mg/L 


EPA  Health  Advisories  and  Cancer  Risk  Levels 


None  established. 


WHO  Drinking  Water  Guideline 


No  data 


EPA  Ambient  Water  Quality  Criteria  (5823) 

•  Human  Health 

—  None  established.  Using  available  organoleptic  data  for  controlling 
undesirable  taste  and  odor,  the  estimated  level  has  been  set  at  1  mg/L. 
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ENVIRONMENTAL  AND  OCCUPATIONAL 
STANDARDS  AND  CRITERIA  (ConL) 


•  Aquatic  Life 


—  Freshwater  species 

Acute  toxicity:  toxicity  generally  decreases  with  increasing  hardness  of 
water,  alkalinity,  and  total  organic  carbon  content.  At  a  hardness  of  SO 
mg/L,  the  sensitivity  of  41  genera  of  freshwater  animals  was  found  to 
range  from  16.74  pg/L  for  Ptvchocheilus  to  10,240  pg/L  for 
Acroneuria. 

Chronic  Toxicity:  Chronic  toxicity  values,  available  for  15  freshwater 
species,  range  from  3.873  pg/L  for  brook  trout  to  60.36  pg/L  for 
northern  pike. 

Freshwater  organisms  and  their  uses  should  not  be  adversely  affected  if 
the  4-day  average  concentration  (in  pg/L)  of  copper  does  not  exceed 
the  numerical  value  given  by  mr»r<»  ihnn  pvf»Tv 


more  than  once  every 


three  years  on  the  average  and  if  the  1-hour  average  concentration  fin 
pg/L)  does  not  exceed  the  numerical  value  given  by  e(0’‘*22ii'>(>«rd»e«)l-r<«) 
more  than  once  every  three  years  on  the  average. 

—  Saltwater  species 

Acute  toxicity:  The  acute  sensitivity  of  saltwater  species  ranges  from 
5.8  pg/L  for  the  blue  mussel  to  600  pg/L  for  the  green  crab. 

Chronic  Toxicity:  In  long-term  exposures,  the  bay  scallop  was  killed  at 
5  ug/L.  Unless  there  is  a  locally  important  highly  sensitive  species, 
saltwater  organisms  and  their  uses  snould  not  oe  adversely  affected  if 
the  1-hour  average  concentration  of  copper  does  not  exceed  2.9  pg/L 
more  than  once  every  3  years  on  the  average. 

REFERENCE  DOSES  (5819): 


•  Inhalation:  ND 

•  Oral:  0.005  mg/kg/day  (copper  cyanide) 

Recommended  Safe  and  Adequate  Dietary  Intake  (5888): 

•  Adults,  1. 5-3.0  mg/day 

•  Children,  11+  yr  old,  1. 5-2.5  mg/day 

•  Children,  7-10  yr  old,  1. 0-2.0  mg/day 

•  Children,  4-6  yr  old,  1.0- 1.5  mg/day 

•  Children,  1-3  yr  old,  0.7- 1.0  mg/day 

•  Infants,  0.5-1  yr  old,  0.6-0.7  mg/day 

•  Infants,  0-0.5  yr  old,  0.4-0.6  mg/day 
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REGULATORY  STATUS  (as  of  Ol-MAR-90) 


Promulgated  Rejpilations 
•  Federal  Programs 

Clean  Water  Act  (CWA) 

The  following  copper  compounds  have  been  designated  as  hazardous 
substances  under  the  CWA:  cupric  acetate,  cupric  acetoarsenite,  cupric 
chloride,  cupric  nitrate,  cupric  oxalate,  cupric  sulfate,  ammoniated  copper 
sulfate,  and  cupric  tartrate  (7015).  The  reportable  quantity  (RQ)  limit  has 
been  set  at  0.454  kg  (1  lb)  for  cupric  acetoarsenite,  4.54  kg  (10  lbs)  for  cupric 
chloride  and  cupric  sulfate,  and  45.4  kg  (100  lbs)  for  the  remaining  hazardous 
copper  compounds  (7016).  Copper  and  copper  compounds  are  listed  as  toxic 
pollutants,  subject  to  general  pretreatment  regulations  for  new  and  existing 
sources,  and  effluent  standards  and  guidelines  (7017,  7018).  Effluent 
limitations  for  copper  exist  in  the  following  point  source  categories: 
electroplating  (7025),  organic  chemicals,  plastics  and  synthetic  fibers  (7030), 
inorganic  chemicals  manufacturing  (7019),  nonferrous  metals  manufacturing 
(7020),  steam  electric  power  generating  (7021),  timber  products  manufacturing 
(7022),  metal  finishing  (7026),  ore  mining  and  dressing  (7023),  battery 
manufacturing  (7027),  metal  molding  and  casting  (70^),  coil  coating  (7036), 
copper  forming  (7039),  and  nonferrous  metals  forming  and  metal  powders 
(7028).  Effluent  limitations  for  total  metals  exist  in  the  electroplating  point 
source  category  (7025).  Limitations  vary  depending  on  the  type  of  plant  and 
industry. 

Safe  Drinkiny  Water  Act  (SDWA) 

Copper  is  on  the  list  of  83  contaminants  required  to  be  regulated  under  the 
SDWA  Amendments  of  1986  (7050).  The  Environmental  Protection  Agency 
(EPA)  has  set  a  nonenforceable  secondary  maximum  contaminant  level 
(SMCL)  of  1  mg/L  for  copper  in  drinking  water  (7056).  In  states  with  an 
approv^  Underground  Injection  Control  program,  a  permit  is  required  for 
the  injection  of  copper  containing  wastes  designated  as  hazardous  under 
RCRA  (7054). 

Resource  Conservation  and  Recovery  Act  (RCRA) 

Copper  cyanide  is  identified  as  an  acute  hazardous  waste  (#P029)  and  a 
hazardous  waste  constituent  (7078,  7079).  Copper  cyanide  is  subject  to  land 
disposal  restrictions  when  its  concentration  as  a  hazardous  waste  constituent 
exceeds  designated  levels.  Effective  June  8,  1989,  wastes  containing  copper 
cyanide  are  prohibited  from  land  disposal  unless  the  designated  treatment 
standard  or  the  statutory  no  migration  standard  are  met.  Site-specific 
variances  can  be  obtained  for  soil  and  debris  contaminated  with  copper 
cyanide  hazardous  waste  (7068).  Effective  August  8,  1988,  liquid  hazardous 
waste  having  a  pH  less  than  or  equal  to  2.0  is  prohibited  from  underground 
injection  (7&3).  Copper  is  included  on  EPA’s  groundwater  monitoring  list. 
EPA  requires  that  all  hazardous  waste  treatment,  storage,  and  disposal 
facilities  monitor  their  groundwater  for  chemicals  on  this  list  when  suspected 
contamination  is  first  detected  and  annually  thereafter  (7082). 
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REGULATORY  STATUS  (as  of  Ol-MAR-90)  (ConL) 


Comprehensive  Environmental  Response  Compensation  and  Liability  Act 
(CERCLA) 

Copper  compounds  designated  as  hazardous  substances  under  CERCLA  and 
their  corresponding  reportable  quantity  (RQ)  limits  include:  copper  cyanide, 
4.54  kg  (10  lbs);  copper,  2270  kg  (5000  lbs);  cupric  acetoarsenite,  0.454  kg 
(1  lb);  cupric  chloride  and  cupric  sulfate,  4.54  kg  (10  lbs);  and  cupric  acetate, 
cupric  nitrate,  cupric  oxalate,  ammoniated  cupric  sulfate  and  cupric  tartrate, 
45.4  kg  (100  lbs)  (7064).  Under  SARA  Title  III  Section  313,  manufacturers, 
processors,  importers,  and  users  of  copper  compounds  must  report  annually,  to 
EPA  and  state  officials,  their  releases  of  this  chemical  to  the  environment 
(7059). 

Toxic  Substances  Control  Act  (TSCA) 

Manufacturers,  processors,  or  importers  who  possess  health  and  safety  studies 
on  the  three  cuprate  compounds  listed  under  40CFR716.120  must  submit  them 
to  EPA  (7045). 

Federal  Insecticide.  Fungicide,  and  Rodcnticide  Act  (FTFRA) 

Pesticide  registration  standards  for  copper  sulfate  and  other  copper 
compounds  have  been  issued  by  EPA  (7004).  Copper  naphthenate,  and 
copper  salts  of  neodecanoic  acid  and  2-ethylhexanoic  acid  are  exempt  from  the 
requirement  of  a  tolerance  when  applied  to  growing  crops  (7006).  Tolerances 
have  been  established  for  copper  arsenate  at  40CFR  180.3 19  and  for  basic 
copper  carbonate  at  40CFR1^.1.36  when  they  are  used  as  pesticide  chemicals 
in  or  on  raw  agricultural  commodities.  Copper  is  exempt  from  the 
requirement  of  a  tolerance  in  meat,  milk,  poultry,  eggs,  fish,  shellfish  and 
irrigated  crops  when  it  results  from  the  uses  listed  in  40  CFR180.1021  (7005). 

Occupational  Safety  and  Health  Act  (OSHA) 

Employee  exposure  to  copper  fumes  shall  not  exceed  an  8-hour  time-weighted 
average  (TWA)  of  0.1  m^m^.  Employee  exposure  to  copper  dusts  and  mists 
shall  not  exceed  an  8-hour  time-weighted  average  (TWA)  of  1  mg/m^  (7000). 
Any  substance  or  waste  defined  as  hazardous  under  RCRA  CERCLA  or 
HMTA  is  subject  to  the  amended  Hazardous  Waste  Operations  and 
Emergency  Response  standard  listed  under  29CFR1910.120,  effective  March  6, 
1990.  The  standard  is  applicable  to  any  clean-up  operations  at  uncontrolled 
hazardous  waste  sites  being  cleaned-up  under  government  mandate,  certain 
hazardous  waste  treatment,  storage,  and  disposal  operations  conducted  under 
RCRA  and  any  emergency  response  to  incidents  involving  hazardous 
substances.  The  standard  lists  employee  protection  requirements  during  initial 
site  characterization  analysis,  monitoring  activities,  materials  handling  activities, 
training,  and  emergency  response  requirements  (7003). 
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REGULATORY  STATUS  (as  of  Ol-MAR-90)  (Cont) 


gcan  Air  Act  (CAA) 

After  consideraiion  of  the  data  regarding  serious  health  effects  from  ambient 
air  exposure  to  copper  and  its  compounds,  EPA  has  decided  not  to  regulate 
copper  as  hazardous  air  pollutants  (7043). 

Hazardous  Materials  Transportation  Act  (HMTA) 

The  Department  of  Transportation  has  designated  the  following  copper 
compounds  as  hazardous  materials,  subject  to  requirements  for  packaging, 
labeling  and  transportation:  copper,  copper  cyanide,  cupric  acetate,  cupric 
acetoarsenitc,  cupric  chloride,  cupric  nitrate,  cupric  oxalate,  cupric  sulfate, 
cupric  sulfate  ammoniated,  and  cupric  tartrate.  Reportable  quantities  (RQs) 
have  been  set  at  0.454  kg  (1  lb)  for  cupric  acetoarsenite,  2270  kg  (5000  lbs) 
for  copper,  4.54  kg  (10  lbs)  for  copper  cyanide,  cupric  chloride  and  cupric 
sulfate,  and  45.4  kg  (100  lbs)  for  the  remaining  compounds  (7010). 

Marine  Protection.  Research,  and  Sanctuaries  Act  (MPRSA) 

Ocean  dumping  of  organohalogen  compounds  as  well  as  the  dumping  of  oils  or 
known  or  suspected  carcinogens,  mutagens,  or  teratogens  is  prohibited  except 
when  they  are  present  as  trace  contaminants.  Permit  applicants  arc  exempt 
from  these  regulations  if  they  can  demonstrate  that  such  chemical  constituents 
are  non-toxic  and  non-bioaccumulative  in  the  marine  environment  or  are 
rapidly  rendered  harmless  by  physical,  chemical  or  biological  processes  in  the 
sea  (7009). 

Food.  Drug,  and  Cosmetic  Act  (FDCA) 

The  level  for  copper  in  bottled  drinking  water  is  1.0  mg/L.  This  level  is 
identical  to  the  secondary  maximum  contaminant  level  (MCL)  given  under  the 
Safe  Drinking  Water  Act  (7070).  A  number  of  copi>er  compounds,  listed 
under  21CFR175  and  178  are  approved  for  use  as  indirect  food  additives  as 
components  of  adhesives,  coatings,  and  food  packaging  materials  (7072, 

7073).} 
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REGULATORY  STATUS  (as  of  Ol-MAR-90)  (ConL) 


•  State  Water  Programs 
AfJ,  STATES 

Ali  states  have  adopted  EPA  Ambient  Water  Quality  Criteria  and 
NPDWRs  (see  Water  Exposure  Limits  section)  as  their  promulgated  state 
regulations,  either  by  narrative  reference  or  by  relisting  the  specific  numeric 
criteria.  The  following  states  have  promulgated  additional  or  more  stringent 
criteria: 

CONNECTICUT 

Connecticut  has  a  water  quality  criterion  of  1.0  mg/L  for  copper  in  public 
water  supply  (PWS)  wells,  public  drinking  water,  and  groundwater  classed 
GAA  (for  PWS)  or  GA  (private  and  potential  PWS)  (7117,  7118). 

FLORIDA 

Florida  has  set  the  following  water  quality  criteria  for  copper  in  its  surface 
waters:  0.5  mg/L  general  criterion  for  all  surface  waters;  30  ^A%fL  for  class  I 
(potable  water  supply)  and  class  III  (fish  and  wildlife,  recreation)  fresh 
waters;  0.015  mg/L  for  class  II  (shellfish  propagation/  harvesting)  and  class 
III  (fish  and  wildlife,  recreation)  marine  waters  (7112). 

NEW  YORK 

New  York  has  an  ambient  water  quality  criterion  of  2.0  /ig/L  for  marine 
surface  waters  classed  SA  SB,  or  SC  (fishing  and  fish  propagation),  and  0.2 
mg/L  for  surface  water  classed  A  A-S,  AA  OR  AA-S  (drinking  water 
supply).  New  York  also  has  a  water  quality  criterion  of  1.0  m^  for 
groundwater  classed  for  drinking  water  supply  (7119). 

NORTH  CAROLINA 

North  Carolina  has  set  an  action  level  of  7  ^zg/L  for  copper  in  all  fresh 
surface  waters  (7113). 

WISCONSIN 

Wisconsin  has  a  preventive  action  limit  of  0.5  mg/L  for  copper  in 
groundwater  (7116). 

WYOMING 

Wyoming  has  water  quality  criterion  for  copper  of  0.2  mg/L  in  class  II 
agriculture  groundwaters  and  0.5  mg/L  for  class  III  livestock  groundwaters 
(7120). 
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REGULATORY  STATUS  (as  of  Ol-MAR-90)  (ConL) 


•  Federal  Programs 

Safe  Drinking  Water  Act  (SDWA) 

The  Environmental  Protection  Agency  (EPA)  has  proposed  a  maximum 
contaminant  level  (MCL)  and  a  maximum  contaminant  level  goal  (MCLG) 
of  1.3  mg/L  for  copper  in  drinking  water  entering  the  water  distribution 
system  after  any  treatment.  Final  action  on  this  rule  is  expected  in 
December  of  199G  (7052). 


State  Wat^  Programs 

No  proposed  regulations  are  pending.  Most  states  are  in  the  process  of 
revising  their  water  programs  and  proposing  changes  in  their  regulations 
which  will  follow  EPA’s  changes  when  they  become  final.  Contact  with  the 
state  officer  is  advised.  Changes  are  projected  for  1990-91  (7058). 
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REGULATORY  STATUS  (as  of  Ol-MAR-90)  (ConL) 


EEC  Directives 

Directive  on  Drinking  Water  (7086) 

The  mandatory  value  for  copper  in  surface  water  treatment  category  A1  is 
0.05  mg/L.  No  mandatory  values  are  given  for  categories  A2  and  A3. 
Guideline  values  for  categories  A1  and  A2  are  0.02  mg/L  and  0.05  mg/L, 
respectively.  No  guideline  value  is  given  for  treatment  category  A3. 

Directive  on  Discharge  of  Dangerous  Substances  (7088) 

Copper  cannot  be  discharged  into  inland  surface  waters,  territorial  waters  or 
internal  coastal  waters  without  prior  authorization  from  member  countries 
which  issue  emission  standards.  A  system  of  zero-emission  applies  to 
discharge  of  the  substances  into  ground  water. 


r^\Tir«n»ITTil  ffTl  i 


Copper  products  must  not  be  present  in  salmonid  and  cyprinid  waters  in 
such  quantifies  that  they:  (1)  from  a  visible  film  on  the  surface  of  the  water 
or  form  coatings  on  the  beds  of  water-courses  and  lakes,  (2)  impart  a 
detectable  "hydrocarbon"  taste  to  fish  and,  (3)  produce  harmful  effects  in 
fish. 


Directive  on  the  Quality  of  Shellfish  Waters  (7090) 

The  mandatory  specifications  for  copper  specify  that  the  concentration  of 
each  substances  in  the  shellfish  water  or  in  the  shellfish  flesh  must  not 
reach  or  exceed  a  level  which  has  harmful  effects  on  the  shellfish  and 
larvae.  The  synergistic  effects  of  other  metals  must  be  taken  into 
consideration.  The  guideline  specifications  state  that  the  concentration  of 
copper  in  shellfish  must  be  so  limited  that  it  contributes  to  the  high  quality 
of  shellfish  product. 

Directive  on  Ground  Water  (7091) 

To  ensure  the  effective  protection  of  groundwater  in  the  Community  it  is 
necessaiy  to  limit  the  discharge  of  copper  in  groundwater.  The  purpose  of 
this  directive  is  to  prevent  pollution  of  groundwater  substances  belonging  to 
substances  listed  in  the  Annex  of  this  directive.  Copper  shall  be  subject  to 
prior  review  so  as  to  limit  discharge  into  groundwater.  Member  states  may 
grant  authorization,  provided  that  all  technical  precautions  for  preventing 
groundwater  pollution  by  copper  has  been  observed. 
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77.1  MAJOR  USES 

Copper  production  in  the  United  States  in  1982  was  reported  to  be  2.41  million 
metric  tons.  In  addition,  0.26  million  metric  tons  were  imported  and  0.03  million  metric 
tons  were  exported  (5825).  Most  copper  produced  and/or  imported  into  the  U.S.  is 
used  as  the  metal  or  in  metal  alloys;  70%  in  electrical  and  electronic  products,  15%  in 
construction.  6%  in  industrial  machinery  and  equipment,  4%  in  transportation,  2%  in 
ordinance,  and  the  remaining  3%  for  various  other  uses  (5872).  Copper  and  copper 
alloys  are  used  in  plumbing  products,  wire,  telecommunications,  power  utilities,  air 
conditioning,  business  electronics,  and  industrial  valves  and  fittings  (5872). 

A  small  percentage  of  copper  production  goes  into  the  manufacture  of 
inorganic  and  organic  copper  compounds  which  have  numerous  commercial  applica¬ 
tions.  Copper  sulfate,  the  most  important  inorganic  copper  compound  in  terms  of 
volume  of  production,  is  utilized  for  many  purposes,  particularly  as  an  agricultural 
fungicide.  Copper  sulfate  is  also  used  as  an  algicide,  a  source  of  copper  in  animal 
nutrition,  in  fertilizers,  in  wood  preservatives,  in  dye  manufacture,  in  electroplating,  in 
steel  making,  in  the  treatment  of  natural  asphalts,  in  the  petroleum  industry,  and  in  the 
manufacture  of  other  copper  compounds  (5871,  5874).  Copper  hydroxide,  copper 
ammonium  carbonate,  copper  oxychloride,  and  copper  oxychloride  sulfate  have  been 
used  as  fungicides.  Copper  oxide  is  used  in  catalysts,  batteries,  electrodes,  paints, 
insecticides,  ceramic  colorants,  and  for  desulfurizing  oils.  Copper  carbonate  is  used  in 
pigments,  pyrotechnics,  insecticides,  fungicides,  and  brass  coloring.  Copper  chloride 
and  nitrate  have  been  used  as  disinfectants  and  feed  additives,  in  metallurgy, 
photography,  water  purification  and  wood  preservation,  and  for  deodorizing  and 
desulfurizing  petroleum  distillates.  Copper  nitrates  have  also  been  used  in  the  manu¬ 
facture  of  pharmaceuticals,  paints,  varnishes,  and  enamels  (5871).  Organic  copper 
compounds  that  have  commercial  value  include  copper  naphthenate  and  copper 
dimethylglyoxime  which  are  used  as  rot-proofing  agents  for  fabrics  (,‘'871). 


77.2  ENVIRONMENTAL  FATE  AND  EXPOSURE  PATHWAYS 

Copper  constitutes  0.005%  of  the  earth’s  crust  (5812).  Natural  releases  of 
copper  into  the  atmosphere  and  into  aquatic  media  are  a  result  primarily  of  volcanic 
activity  and  weathering  of  soil.  Anthropogenic  releases  result  from  such  activities  as 
mining  and  milling  operations,  agricultural  and  biocidal  use  of  copper  compounds, 
disposal  of  solid  wastes  and  sludges,  and  discharge  of  industrial  and  sewage  treatment 
plant  effluents  (5873).  In  1975,  it  was  estimated  that  25%  (18,500  metric  tons)  of 
worldwide  copper  emissions  to  the  atmosphere  was  derived  from  natural  sources 
(mostly  from  windblown  dust)  and  75%  (56,.300  metric  tons)  was  derived  from  anthro¬ 
pogenic  sources  (mostly  from  nonferrous  metal  production  and  wood  combustion). 
Coal  combustion  and  waste  incineration  contributed  5,600  and  5,.300  metric  tons, 
respectively,  to  the  atmospheric  emission  of  copper.  The  major  copper-processing 
states  in  the  U.S.  in  1984  were:  Arizona  (73.3%),  Montana  (8.4%),  New  Mexico 
(7.7%),  Utah  (4.8%),  and  Michigan  (10.5%). 
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Natural  copper  concentrations  in  soil  have  been  reported  to  range  from  1  to 
250  mg/kg  dry  weight  (5827,  5873).  Near  industrial  areas  such  as  smelters,  soil  concen¬ 
trations  may  be  10  to  30  times  higher  (5873).  Copper  has  been  found  at  210  of  1177 
hazardous  waste  sites  on  the  National  Priorities  List  (soil  concentrations  were  not 
reported)  (5873).  In  1307  soil  samples  taken  at  hazardous  waste  sites,  copper  was 
found  to  be  above  normal  background  levels  in  10.5%  of  the  samples  (5876). 

77.2.1  Transport  in  SoU/Ground-water  Systems 

77.2.1.1  Overview 

The  mobility  of  copper  in  soil-water  systems  is  strongly  affected  by  the  extent 
of  adsorption  on  soil  particles.  Sorption  of  copper  on  soils  is  controlled  by  pH,  organic 
substances,  and  manganese  and  iron  oxides.  Most  of  the  copper  in  soil  is  tightly  bound 
to  soil  components,  reducing  the  potential  for  uptake  by  plants  and  for  migration  and 
contamination  of  groundwaters.  However,  elevated  concentrations  of  copper  have 
been  found  in  some  groundwaters  (5873).  The  mobility  of  copper  is  enhanced  in 
sandy,  acidic,  well  oxidized  soils  containing  relatively  small  amounts  of  organics. 
Mobility  is  considerably  diminished  by  high  pH  levels,  reducing  conditions,  or  by  the 
presence  of  high  levels  of  manganese  or  iron  oxides  or  high  molecular  weight  organics. 

77.2.1.2  Sorption  on  Soils 

Sorption  and  mobility  of  copper  in  soils  is  affected  primarily  by  soil  pH, 
organic  complexing  substances,  and  soil  mineral  composition.  In  general,  copper 
sorption  decreases  with  increasing  pH  and  increases  with  increasing  levels  of  high 
molecular  weight  organic  compounds,  manganese  and  iron  oxides,  and  clay  minerals. 
The  presence  of  low  molecular  weight  organics  may  decrease  adsorption  through  the 
formation  of  readily  soluble  copper  complexes.  The  relative  capacity  of  organic  and 
inorganic  soil  components  to  exchange  and  adsorb  metal  ions  follows  the  general 
pattern:  Mn02  >  humic  acid  >  iron  oxide  >  clay  minerals.  Charge-unbalanced  clay 
minerals  nonspecifically  adsorb  copper,  while  iron  and  manganese  oxides  and  hydrox¬ 
ides  have  a  high  specific  copper  affinity  (5805).  The  capacity  of  manganese  oxides  is  at 
least  10  times  higher  than  that  of  iron  oxides  (5830). 

Sorption  on  soil  can  be  expressed  in  terms  of  the  distribution  coefficient,  Kj, 
defined  as  the  ratio  of  the  elemental  concentration  in  soil  (pg/100  g)  to  that  in  water 
(pg/100  mL).  In  soil-water  systems  in  equilibrium,  the  Kj  for  copper  varies 
considerably,  depending  on  the  nature  of  the  soil,  the  presence  of  water  soluble 
complexing  agents,  and  pH.  The  Kj  value  for  copper  ranges  from  1.4  to  333  mL/g 
(5807). 


Under  typical  soil  conditions,  readily  soluble  and  exchangeable  copper  consti¬ 
tutes  less  than  5%  of  the  total  soil  copper.  The  bulk  of  the  copper  is  bound  to  organic 
compounds  and  iron  and  manganese  oxides  (5805),  and  therefore  is  less  likely  to  be 
bioavailable  and  to  leach  to  groundwater  (5805).  However,  excessive  application  of 
copper  containing  sewage  sludge  or  inorganic  copper  salts  to  soil  increases  the  lability 
of  soil  copper  and  may  increase  migration  of  copper  to  subsoil  horizons  and 
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groundwater.  Mobility  of  copper  will  be  highest  in  sandy  soils  with  low  pH  and  con¬ 
taining  relatively  small  amounts  of  organics.  Mobility  will  be  considerably  diminished 
under  reducing  conditions  due  to  the  formation  of  insoluble  copper  sulfides. 

In  purely  organic  spruce  forest  soils,  appreciable  leaching  of  copper  was 
observed  at  pH  <3  (5829).  It  was  estimated  that  about  50%  of  copper  in  the  top  few 
centimeters  of  these  soils  was  organically  bound,  about  18%  was  in  the  hydroxy-carbo¬ 
nate  form,  about  7%  was  in  the  adsorbed  state,  about  11%  was  bound  by  other  anions, 
and  6%  was  irreversibly  adsorbed.  Only  3%  of  the  copper  was  extractable  with  water 
at  pH  4.5.  Increased  mobilization  of  copper  in  these  soils  is  expected  under  conditions 
such  as  land  clearing,  profile  disruption  and  increased  acid  rain  (5829). 

77.2.13  Volatilization  from  Soils 

These  is  no  evidence  that  copper  volatilizes  from  soil  either  directly  or 
indirectly  through  chemical  or  biological  processes. 

77JL2  Transformation  Processes  in  Soil/Ground-watcr  Systems 

Naturally  occurring  copper  occurs  in  soils  as  oxysulfates,  carbonates,  phos¬ 
phates,  oxides,  and  hydroxides  (5805).  Copper  sulfides  may  form  in  poorly  drained  or 
submerged  soils  where  reducing  conditions  exist.  In  copper-contaminated  soils,  CuS  or 
CuFeS  may  be  the  most  thermodynamically  stable  copper  species  under  both  oxidizing 
and  reducing  conditions  (5805). 

The  speciation  of  copper  in  soil  solutions  is  not  precisely  known  because  of  un¬ 
certainties  in  thermodynamic  equilibrium  constants  and  lack  of  experimental  techniques 
(5805).  In  the  system  CU-CO2-H2O,  the  predominant  soluble  species  shifts  from  the 
free  ionic  Cu"^^  to  CuC03°  to  Cu(OH)2°  with  increasing  pH.  Free  ionic  copper  is 
present  as  the  hydrated  ion  (Cu(H20)6]**  which  is  responsible  for  forming  coordination 
complexes  by  ligand  substitution  of  the  aquo  groups  (5805).  Much  of  the  soluble 
copper  in  soil  solution  occurs  in  organic  complexes,  although  levels  of  free  ionic  copper 
may  be  significant  at  low  soil  pH  values. 

7733  Primary  Routes  of  Exposure  from  Soil/Ground-water  Systems 

Human  exposure  to  copper  takes  place  mainly  through  the  food  chain.  Dietary 
copper  intake  is  usually  greater  than  intake  through  drinking  water  and  air.  It  has 
been  estimated  that  a  typical  U.S.  diet  provides  a  daily  copper  intake  of  <2  to  about  4 
mg  (5829). 

Copper  is  an  essential  element  in  plants.  It  is  taken  up  through  the  roots  in 
readily  soluble  and  exchangeable  ion  complexes;  however,  these  complexes  normally 
comprise  le.ss  than  5%  of  the  total  soil  copper  (5805).  Maximum  absorption  occurs 
with  Cu^^.  The  presence  of  chelating  agents  in  the  soil  can  enhances  copper  solubility, 
but  reduce  the  rate  of  uptake  by  plants.  Qtppcr  uptake  may  be  enhanced  in  plants 
grown  on  coppcr-contaminatcd  soil,  and  high  soil  concentrations  may  be  phytotoxic. 
There  is  no  evidence  for  the  biomagnification  of  copper  through  the  terrestrial  food 


CXDPPER 


77-25 


chain  (5873).  The  copper  content  of  fruits  and  vegetables  normally  ranges  from  about 
0.1  ppm  to  about  3  ppm,  and  that  of  meats  and  poultry  is  generally  not  more  than  2 
ppm;  however,  liver  may  contain  as  much  as  60  ppm  (5882). 

Exposure  to  copper  may  also  result  from  the  use  of  groundwater  as  a  source  of 
drinking  water.  Copper  levels  in  groundwater  samples  collected  in  New  Jersey,  were 
generally  less  than  100  ppb  (90  percentile  64  ppb),  but  a  maximum  level  of  2783  ppb 
was  also  reported  (5873).  In  general,  the  concentration  of  copper  in  drinking  water 
can  vary  from  a  few  pg/L  to  >  1  mg/L.  The  use  of  copper  plumbing  in  water  distribu¬ 
tion  systems  can  result  in  substantial  increases  in  copper  levels  at  the  tap.  Assuming  a 
mean  copper  concentration  of  0.13  mg/L  in  drinkit.g  water  and  a  daily  consumption  of 
2  L  of  water,  the  daily  intake  of  copper  through  drinking  water  would  be  about  0.26 
mg  (5829).  According  to  the  USPHS  Drinking  Water  Standards  (1%2),  the  recom¬ 
mended  drinking  water  limit  for  copper  is  1  mg/L,  but  this  is  based  on  organoleptic 
rather  than  health  considerations  (5836). 

77.2.4  Other  Sources  of  Human  Exposure 

Exposure  to  copper  may  also  occur  through  inhalation  of  copper  compounds 
present  in  the  atmosphere  as  a  result  of  emissions  from  natural  and/or  anthropogenic 
sources.  Elemental  copper,  copper  oxide,  copp>cr  sulfides,  copper  sulfate,  copper 
chloride,  and  possibly  copper  silicate  may  be  emitted  directly  into  the  air  or  formed  as  a 
result  of  subsequent  chemical  transformations.  The  enhancement  of  copper  deposition 
in  remote  areas,  and  the  increased  concentration  of  copper  in  snowfall  and  icesheets  in 
Greenland  indicate  that  long-range  atmospheric  transport  of  copper  is  possible. 

According  to  data  derived  from  EPA’s  National  Air  Surveillance  Network  for 
the  years  1977,  1978,  and  1979,  median  copper  concentrations  in  urban  areas  were  133, 
138,  and  %  ng/m^  respectively,  while  median  concentrations  in  nonurban  areas  were 
120,  179,  and  76  ng/m^  (5873).  Significant  exposure  of  the  public  to  atmospheric 
copper  is  not  expected.  According  to  EPA  estimates,  atmospheric  copper  contributes 
no  more  than  1%  to  the  total  daily  copper  intake  of  an  individual.  However,  consider¬ 
able  inhalation  exposure  may  take  place  in  locations  close  to  the  sources  of  emission 
(5829).  Workers  may  be  occupationally  exposed  to  copper  (X>ncentrations  as  high  as 
512  pg/m^  (5829). 

Copper  is  removed  from  the  atmosphere  through  dry  (dust  fall)  and  wet  deposi¬ 
tion  (rainfall  and  snowfall).  Although  the  ratio  of  dry  to  wet  deposition  is  dependent 
on  the  particle  size  distribution,  topography  of  the  area  and  meteorological  conditions, 
the  typical  ratio  is  close  to  1.  The  atmospheric  residence  times  of  copper  aerosols  in 
an  unpolluted  troposphere,  in  urban  and  polluted  areas,  and  near  an  industrial  point 
source  have  been  reported  to  be  2-10  d,  0.1  to  >  4  d,  and  <2.0  h,  respectively  (5829). 

Atmospheric  deposition  plays  a  very  important  role  in  the  overall  loading  of 
copper  in  large  bodies  of  surface  water.  Surface  runoff  from  agricultural  and  industrial 
areas,  releases  of  treated  and  untreated  wastewater,  and  leaching  from  solid  waste 
disposal  sites  may  also  contribute  to  copper  levels  in  local  waterways  (5873). 
Concentrations  of  copper  in  some  landfill  leachates  were  reported  to  range  from  0.1- 
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1.0  ppm  (5873).  The  concentration  of  copper  in  freshwater  varies  worldwide  from  0.5- 
1000  pg/L  with  a  median  of  10  pg/L.  The  average  concentration  of  copper  in  the  U.S. 
freshwaters  is  <20  pg/L.  Limited  intake  of  copper  would  result  from  the  use  of  such 
waters  as  a  source  of  drinking  water. 

The  bioconcentration  factor  (BCF)  for  copper  in  fish  has  been  reported  to 
range  from  10  to  100,  indicating  a  relatively  low  potential  for  bioconcentration.  BCF 
levels  up  to  30,000  have  been  reported  for  some  marine  invertebrates  (oysters),  but 
there  is  no  evidence  for  biomagnification  through  the  food  chain. 

77.2.3  Biological  Monitoring 

Methods  for  biological  monitoring  of  copper  have  been  reviewed  by  EPA 
(5829).  The  two  most  commonly  used  methods  are  atomic  absorption  spectroscopy  and 
inductively  coupled-atomic  emission  spectroscopy.  The  first  method  has  a  detection 
limit  of  0.1  -2  ppb.  The  second  method  has  a  detection  limit  of  2-3  ppb.  X-ray  fluore¬ 
scence  and  neutron  activation  analysis  have  also  been  used  for  analyzing  biological 
samples  for  copper. 

77 J  HUMAN  HEALTH  CONSIDERATIONS 

Copper  is  an  essential  element  and  is  present  in  a  wide  variety  of  tissues  such 
as  liver,  kidney,  spleen,  heart,  lung,  muscle,  stomach,  intestine,  etc.  It  is  highly  concen¬ 
trated  in  nails  and  hair  (5829).  The  recommended  safe  and  adequate  dietary  intake  for 
copper  is  1. 5-3.0  mg/day  for  adults,  0.1 -2.5  mg/day  for  children  and  adolescents,  and  0.4- 
0.7  mg/day  for  infants  (5888).  Copper  is  an  essential  part  of  a  number  of  enzymes  such 
as  catalases,  peroxidases,  cytochrome  oxides,  etc.  (5864).  The  major  effects  of  copper 
deficiency  are  hypochromic,  microcytic  anemia  resulting  from  defective  hemoglobin 
synthesis. 

About  50%  of  copper  ingested  in  food  is  absorbed.  The  half-time  of  injected 
copper  in  normal  subjects  was  found  to  be  about  4  weeks,  but  it  is  much  longer  in  sub¬ 
jects  with  Wilson’s  disease  (5827).  The  biological  availability  and  activity  of  copper  may 
be  affected  by  other  inorganic  compounds.  Zinc  can  inhibit  the  absorption  of  copper 
and  consequently,  zinc  treatment  has  been  used  in  patients  suffering  from  Wilson’s 
disease.  High  intakes  of  molybdenum  and  sulfur  in  the  food  of  ruminants  also 
decreases  the  availability  of  copper.  In  humans  a  high  intake  of  molybdenum  results  in 
low  blood  copper  levels  and  increased  excretion  of  copper  in  the  urine  (5827). 

773.1  Animal  Studies 

773.1.1  Carcinogenicity 

The  carcinogenicity  of  copper  hydroxyquinoline  has  been  investigated  in 
B6C3F,  and  B6AKF,  mice  (5883).  The  compound  was  administered  orally  and  by  sub¬ 
cutaneous  injection  to  both  strains.  In  the  latter  case,  a  single  dose  of  180.6  mg  of 
Cu/kg  was  injected  subcutaneously  to  18  male  and  18  female  28-day-old  animals.  The 
mice  were  sacrificed  when  78  weeks  old.  Histologic  examination  revealed  that  male 
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B6C3F,  mice  treated  with  copper  hydroxyquinoline  had  an  increased  incidence  of 
reticulum  cell  sarcomas  compared  with  the  controls  (6/17  treated  vs.  8/141  controls,  p 
<0.001).  No  tumors  were  seen  in  the  treated  male  B6AKF,  mice.  Female  mice  of 
both  strains  showed  low  incidences  of  reticulum  cell  sarcomas  (1/18  vs.  1/154  controls  in 
B6C3Fi  mice,  and  3/18  vs.  5/157  controls  in  BdAKFj  mice).  In  the  oral  dosing  experi¬ 
ments,  18  male  and  18  female  7-day-old  mice  of  each  strain  were  treated  daily  by 
gavage  with  180.6  mg  Cu/kg  (suspended  in  0.5%  gelatin)  until  28  days  old,  and  then 
given  505.6  ppm  Cu  in  their  diet  until  78  weeks  old.  The  animals  were  then  sacrificed 
and  examin^  histologically.  No  statistically  significant  increases  in  the  incidence  of 
lymphatic  leukemias,  reticulum  cell  sarcomas,  pulmonary  adenomas  or  carcinomas, 
hepatomas,  hepatic  carcinomas,  mammary  carcinomas,  skin  carcinomas  or  cavernous 
angiomas  were  observed. 

The  carcinogenicity  of  cupric  oxide,  cupric  sulfide,  and  cuprous  sulfide  was 
investigated  in  Wistar  rats  (5837).  Groups  of  30  or  32,  2-  to  3-month-old  animals  (sex 
not  reported)  were  given  single  intramuscular  injections  of  20  mg  of  each  of  the  com¬ 
pound.  The  animals  were  maintained  for  up  to  20  months,  then  sacrificed.  The 
survival  rates  for  the  three  experiments  were  10/32  (CuO),  19/30  (CuS),  and  18/30 
(CU2S).  No  injection  site  tumor  was  observed  in  any  of  these  animals.  One  mammary 
fibroadenoma  and  one  reticulocytoma  were  found  in  the  animals  receiving  cupric 
sulfide.  One  mammary  fibroadenoma  was  found  in  the  group  receiving  cuprous  sulfide. 

Overall,  there  are  insufficient  data  to  determine  the  carcinogenic  potential  of 
copper  at  this  time.  The  U.S.  EPA  has  placed  copper  in  Group  D  (not  classifiable  as 
to  human  carcinogenicity)  (5829). 

773.1.2  Gcnotoxicity 

Several  copper  compounds  have  been  tested  in  microbial  mutagenicity  assays. 
Qspper  8-quinolinoiate  was  found  to  be  mutagenic  to  Salmonella  tvphimurium  strain 
TAIOO  when  tested  in  the  reverse  mutation  assay  with  metabolic  activation  (5837). 

The  same  compound  was  not  mutagenic  in  tests  with  Escherichia  coli  and  S.  tvphi¬ 
murium  strains  TA98,  TA1535,  TA1537  and  TA1538  (5837). 

Copper  sulfate  was  reported  to  be  non-mutagenic  in  a  reverse  mutation  assay 
using  S.  tvphimurium  strains  TA98  and  TAIOO  with  and  without  metabolic  activation 
(5837).  Copper  sulfate  and  copper  chloride  were  also  found  to  be  non-mutagenic  in 
assays  using  Saccharomvccs  cerevisiae  D-7  (5834),  and  Bacillus  subtilis  (5835). 

Copper  sulfate  was  found  to  cause  chromosomal  aberrations,  micronuclei,  and 
sperm  abnormalities  when  tested  in  vivo  on  inbred  Swiss  mice  (5877). 

The  induction  of  simian  adenovirus  cell  transformation  in  Syrian  hamster 
embryonic  cells  was  reported  to  be  enhanced  by  the  addition  of  0.38  mM  CuiS  (5833). 
Induction  of  DNA  strand  breaks  by  CuS  has  been  observed  in  Chinese  hamster  ovary 
cells  (5836). 
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773.13  Teratogenicity,  Embryotoxicity  and  Reproductive  Effects 

Copper  deficiencies  are  known  to  cause  teratogenic  effects  (such  as  neural 
degeneration,  reduced  growth,  skeletal  malformations  and  cardiovascular  lesions)  in 
various  animals  including  sheep,  goats,  rats,  guinea  pigs,  dogs  and  chickens  (5838). 

Some  copper  salts  cause  reproductive  and  developmental  effects  in  laboratory 
animals.  The  intravenous  administration  of  2.13  mg  Cu/kg,  as  copper  sulfate,  to  16 
female  hamsters  on  the  8th  day  of  gestation  resulted  in  26%  resorptions  and  6%  (12  of 
155)  abnormalities  (thoracic  wall  hernias,  encephalocoeles,  spina  bifida  and  micro¬ 
phthalmia).  A  dose  of  4.25  mg  Cu/kg,  caused  86%  resorptions  and  8%  abnormalities 
(exencephaly,  hydrocephalus,  abdominal  hernia  and  abnormal  spinal  curvature),  and  a 
dose  of  7.5  mg  Cu/kg  resulted  in  100%  embryo  mortality,  74%  resorptions,  and  8% 
abnormalities.  A  dose  of  10  mg  Cu/kg  was  lethal  to  the  dams.  The  animals  were 
examined  on  gestational  days  12  and  13  (5839).  In  the  same  study,  copper  citrate  was 
found  to  be  more  toxic  than  copper  sulfate.  Doses  of  0.25-1.5,  1.8  and  2.2  mg  Cu/kg 
resulted  in  16,  41,  and  34%  resorptions  and  2,  17  and  35%  abnormalities,  respectively. 
A  dose  of  4.0  mg  Cu/kg  was  lethal  to  both  embryos  and  dams. 

In  studies  on  mice,  two  strains,  C57BL  and  DBA,  were  maintained  for  one 
month  on  diets  supplemented  with  0,  500,  1000,  1500,  2000,  3000  or  4000  ppm  copper 
sulfate.  At  the  end  of  the  period,  the  females  were  mated  with  the  males  of  the 
respective  strain.  On  the  19"'  day  of  gestation  the  pregnant  dams  were  sacrificed  ind 
the  fetuses  were  examined  for  morphological  defects.  In  the  C57BL  mice,  increased 
fetal  weight  ( 1.1-1. 3  g  vs.  1.1  g  in  the  controls)  and  increased  litter  size  (4.2-4.6/dam  vs. 
3.1/dam  in  the  controls)  were  observed  at  low  dietary  levels  of  500-1000  ppm  copper 
(equivalent  to  25.9-10*3.5  mg  Cu/kg/day).  At  higher  dietary  copper  levels  (3000  and 
4000  ppm,  equivalent  to  155.3  and  207.1  mg  Cu/kg/day),  average  litter  size  was  reduced 
(2.5  and  1.9,  respectively),  and  average  fetal  weight  was  below  that  of  the  controls  (1.0 
vs.  1.1),  One  skeletal  abnormality  was  seen  at  25.9  mg  Cu/kg  and  three  at  103.5 
mg/kg/day  (5840).  Similar  results  were  seen  in  the  DBA  mice;  increased  litter  size  (5.1- 

5.4  vs.  4.5)  and  higher  embryo  weights  1.2  g  vs.  1.0  g)  at  dietary  levels  of  slOOO  ppm, 
but  reduced  litter  size  (2.7-4. 1),  reduced  embryo  weights  (1.1  g)  and  the  occurrence  of 
skeletal  abnormalities  at  the  highest  doses.  Decreased  food  intake  at  high  dose  levels 
may  have  adversely  affected  fetal  development  (5841). 

Copper  compounds  have  been  shown  to  be  spermicidal,  and  mammalian 
cmbiyogencsis  can  be  prevented  by  the  use  of  copper-containing  intrauterine  devices 
(5886,  5887). 

773.1.4  Other  Toxicologic  Effects 
773.1.4.1  Short-term  Toxicologic  Effects 

The  acute  and  subchronic  toxicity  of  copper  has  been  investigated  using  oral, 
inhalation,  and  intraperitoneal  exposures.  Oral  LDjq  values  for  rats  range  from  140 
mg/kg  (CuClj)  to  960  mg/kg  (CUSO4 -51120)  (5823).  Deaths  in  animals  given  lethal 
doses  of  copper  have  been  attributed  to  extensive  hepatic  ccntrilobular  necrosis. 
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Short-term  exposures  to  high  oral  doses  of  copper  can  result  in  liver  and  kidney 
damage  and  hematological  changes.  Rats  treated  with  100  mg/kg/day  of  copper  sulfate 
for  20  days  by  gavage,  had  significant  decreases  in  skeletal  growth  and  weight  gain, 
heavy  deposition  of  copper  in  the  livers  and  kidneys,  parenchymal  degeneration  and 
perilobular  sclerosis  in  the  liver,  and  tubular  engorgement  and  necrosis  in  the  kidneys 
(5884).  Hepatotoxicity  has  also  been  observed  in  young  rats  exposed  to  2000  mg 
Cu/kg/day  as  copper  sulfate  in  their  diet  for  4  weeks  (5885).  Prolonged  exposures  to 
the  same  dietary  levels  resulted  in  increased  tolerances  and  some  tissue  regeneration 
(5879).  Pigs  exposed  to  dietary  copper  levels  equivalent  to  6.1  mg  Cu/kg/day  for  54 
days  exhibited  decreased  weight  gain,  reduced  hemoglobin  and  hematocrit,  and 
increased  levels  of  copper  in  the  liver  (5847).  Decreased  hemoglobin  and  hematocrit 
values  have  also  been  reported  in  rats  receiving  40  mg  Cu/kg/day  by  gavage  for  20  days 
(5845). 


Short-term  inhalation  studies  of  copper  compounds  have  focused  primarily  on 
direct  toxic  effects  on  pulmonary  tissues.  Rabbits  exposed  to  0.6  mg/m^  cupric  chloride. 
6  h/day,  5  d/week  for  4-6  weeks  (5842,  5843)  exhibited  no  gross  signs  of  pulmonary 
change;  however,  a  statistically  significant  increase  in  the  number  of  alveolar  type  II 
cells  was  observed.  In  studies  on  mice,  daily  inhalation  exposure  to  copper  sulfate 
aerosol  (5%  aqueous  solution)  for  4  months  resulted  in  focal  accumulation  of  macro¬ 
phages  in  alveoli  and  interstitial  infiltration  of  cells  (5844).  Decreased  tracheal  cilia 
beating  was  observed  in  hamsters  exposed  to  3.3  mg  Cu/m^  as  copper  sulfate,  and 
alveolar  thickening  was  observed  in  mice  exposed  to  copper  sulfate  (5878). 

An  intraperitoneal  LD50  of  3.5  mg/kg  has  been  reported  for  copper  dust  (5823). 
Male  albino  rats  treated  daily  by  intraperitoneal  injection  of  2  mg  Cu/kg  as  cupric 
chloride  showed  statistically  significant  increases  in  brain  dopamine  and  norepinephrine 
(5846). 

773.1.4.2  Chronic  Toxicity 

Chronic  toxicity  studies  on  copper  are  rather  limited.  In  one  study,  rats 
exposed  to  dietary  levels  of  5000  ppm  cupric  acetate  monohydrate  for  16  months, 
accumulated  copper  in  kidney  and  liver  tissue  (5848).  In  another  study,  Sprague- 
Dawley  rats,  exposed  to  1250  ppm  cupric  acetate  monohydrate  in  drinking  water  for 
902  days,  showed  heavy  depositions  of  copper  in  liver  and  kidneys  as  well  as  in  the 
brain  and  large  and  small  intestines  (5849).  White  rats  maintained  on  a  diet  supple¬ 
mented  with  copper  sulfate  (equivalent  to  dose  levels  of  21.3,  34.9,  46.0  mg/kg/day) 
exhibited  dose-related  decreases  in  food  intake  and  weight  gain  as  well  as  increased 
concentrations  of  copper  in  blood,  liver  and  spleen  (5841).  Decreased  body  weight 
gain  has  also  been  observed  in  pigs  exposed  to  14.6  mg  Cu/kg/day  as  Cu(II),  and  in 
mice  consuming  4.2  mg  Cu/kg/day  as  copper  gluconate  in  drinking  water  over  a  lifetime 
(5873).  Lifetime  exposure  of  mice  to  42.5  mg  Cu/kg/day  as  copper  gluconate  in 
drinking  water  resulted  in  a  12.8%  reduction  in  maximum  lifespan  (5881). 
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TI32.  Human  and  Epidemiologic  Studies 
773.2.1  Short-term  Toxicologic  Effects 

Short-term  occupational  exposures  to  copper  dust  or  fumes  can  cause  eye  and 
respiratory  tract  irritation,  headaches,  vertigo,  drowsiness,  and  a  condition  known  as 
"metal  fume  fever".  This  24-48  hr  illness  is  characterized  by  influenza-like  syndrome 
with  chills,  fever,  aching  muscles,  and  dryness  in  the  mouth  and  throat  (5811,  5827).  In 
one  study  in  which  workers  reported  such  symptoms,  airborne  copper  dust  levels  were 
reported  to  be  0.075-0.12  mg/m^  (5873). 

Gastrointestinal,  hepatic,  and  renal  effects  have  occurred  in  humans  following 
the  accidental  or  intentional  ingestion  of  large  quantities  of  copper.  Ingestion  of 
milligram  quantities  of  copper  result  in  abdominal  pain,  diarrhea  and  vomiting. 

Ingestion  of  larger  quantities  can  cause  systemic  toxicity  including  hemolysis,  hepatic 
necrosis,  gastrointestinal  bleeding,  oliguria,  azotemia,  hemoglobinuria,  hematuria, 
proteinuria,  hypotension,  tachycardia,  convulsions,  coma,  or  death  (5851).  Gastro¬ 
intestinal  effects  have  occurred  following  ingestion  of  0.07-1421  mg  Cu/kg/day  as  Cu(II) 
(5873).  In  one  case  report,  a  whiskey  sour  containing  120-135  ppm  copper  (about  10 
mg  of  copper/60-90  mL  drink),  produced  abdominal  cramps,  vomiting,  diarrhea  within 
10-90  min  of  ingestion  (5850).  In  another  case  an  18-month-old  boy  drank  a  solution 
containing  3  g  of  copper  sulfate  (ca.  1.2  g  Cu)  and  developed  acute  hemolytic  anemia, 
reduced  glucose-6-phosphate  dehydrogenase  activity,  hematuria,  glycosuria  and 
proteinuria  (5861).  Two  infants  who  were  given  water  to  drink  containing  2.2-3.4  mg 
Cu/L  developed  hepatosplenomegaly  and  increased  serum  transaminase  and  serum 
bilirubin  levels.  Centrilobular  liver  necrosis  and  necrosis  of  renal  tubular  cells  have 
been  reported  in  adults  consuming  5.7-637  mg  Cu/kg/day  (5873). 

Several  episodes  of  copper-induced  hemolysis  after  hemodialysis  have  been 
reported.  Copper  was  introduced  into  the  dialysate  from  the  copper  tubing  and 
copper-containing  semipermeable  membranes  in  the  equipment.  The  clinical  syndrome 
of  copper  intoxication  included  chills,  nausea,  abdominal  pain,  vomiting,  and  watery 
yellow  stools.  The  concentration  of  copper  in  the  dialysate  ranged  from  505  to 
884  pg/100  mL  (5852).  Hemolytic  anemia  has  also  been  reported  in  a  case  where 
copper  sulfate  crystals  were  applied  to  large  areas  of  burned  skin  (5853). 

773.23  Chronic  Toxicologic  Effects 

There  is  limited  evidence  that  toxicologic  effects  can  result  from  prolonged 
exposure  to  copper,  particularly  in  children.  An  increased  dietary  level  of  copper  is 
thought  to  be  partially  responsible  for  a  disease  known  as  Indian  Childhood  Cirrhosis 
which  usually  occurs  in  children  6  months  to  5  years  old  (5863).  It  has  been  suggested 
that  the  high  dietary  intake  resulted  from  the  storage  of  milk  and  water  in  copper  and 
brass  containers  (5^2).  The  disease  is  characterized  by  high  levels  of  copper  in  the 
liver,  Mallory’s  hyaline  inclusions  in  hepatocytes,  intralobular  fibrosis,  and  widespread 
hepatic  necrosis  with  poor  hepatic  regeneration  (5863). 
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Copper  toxicity  is  also  associated  with  Wilson’s  disease,  a  genetic  defect  which 
results  in  an  excessive  accumulation  of  copper  in  liver,  brain,  kidneys,  cornea,  low 
serum  ceruloplasmin  level,  elevated  levels  of  copper  not  bound  to  ceruloplasmin,  and 
high  urinary  excretion  of  copper  (5812).  The  disease  is  characterized  by  hepatic 
cirrhosis,  brain  damage  and  demyelination,  and  kidney  defects  (5864). 

Prolonged  exposure  to  copper  and  chronic  toxic  effects  might  be  expected  in 
occupational  exposure  situations;  however,  in  such  cases  it  is  difficult  to  distinguish 
chronic  effects  from  those  due  to  transient  elevations  in  copper  concentrations. 
Occupational  exposure  to  copper  fumes,  dusts,  and  mists  can  cause  "metal  fume  fever", 
a  disorder  characterized  by  influenza-like  symptoms;  however,  this  is  not  known  to 
develop  into  a  chronic  ailment.  Other  effects  attributed  to  occupational  exposures  to 
copper  include  respiratory  tract  irritation,  contact  dermatitis,  leukocytosis  and  mild 
anemia,  the  latter  reportedly  occurring  in  workers  exposed  to  0.6-1  mg  Cu/m*  (5823, 
5859,  5860).  Exposure  of  Swedish  workers  for  17-40  years  to  dusts  of  mixed  copper 
salts  (basic  copper  nitrate  and  sulfate,  copper  silicate,  and  cupric  oxide),  which  were 
generated  through  the  handling  of  patinated  copper  sheeting,  led  to  atrophic  rhinitis 
with  complaints  of  metallic  taste,  runny  nose,  and  mucosal  irritation  in  the  mouth  and 
eyes  (5854). 

Epidemiological  studies  have  provided  conflicting  results  on  the  potential 
effects  of  long-term  occupational  exposure  to  copper.  Chilean  copper  miners,  exposed 
for  years  to  the  water  insoluble  dusts  of  copper  sulfide  and  oxide,  were  reported  to 
have  normal  concentrations  of  copper  in  liver  and  serum  (5858).  An  epidemiological 
study  of  14,562  white  male  workers  in  the  copper  and  zinc  smelting  industries  revealed 
no  overall  increase  in  mortality  rates  as  compared  with  the  mortality  rates  for  the  total 
U.S.  population  (5865).  However,  Schrauzer  et  al.  reported  a  positive  correlation  be¬ 
tween  blood  copper  concentrations  and  mortality  due  to  cancer  of  the  intestine  in  men, 
and  between  blood  copper  levels  and  cancer  of  the  intestine,  lung,  breast  and  thyroid  in 
women  (5866). 

Vineyard  workers  are  exposed  to  copper  in  Bordeaux  mixture  (1-2%  solution  of 
copper  sulfate  neutralized  with  lime)  widely  used  on  grape  vines  to  prevent  mildew 
growth,  particularly  in  France,  Italy,  and  Portugal.  Pulmonary  copper  deposition, 
fibrosis,  granulomas  and  malignant  tumors  have  been  found  in  the  lungs  of  some  of 
these  workers  after  years  of  exposure  (5855,  5856,  5857).  However,  these  studies  arc 
inconclusive  because  other  chemicals  such  as  arsenic  are  also  present  in  Bordeaux 
mixture  and  may  have  contributed  to  the  effects  reported  (5829). 

7733  Levels  of  Concern 

Copper  is  an  essential  clement  in  human  nutrition,  and  the  recommended  safe 
and  adequate  dietary  intake  for  adults  is  1.5-3.0  mg/day  (5888).  A  typical  U.S.  diet  pro¬ 
vides  a  daily  copper  intake  of  about  <2  to  about  4  mg.  U.S.  EPA  reference  doses 
have  not  been  derived  for  copper. 

Exposure  of  the  general  public  through  drinking  water  is  not  expected  to  be 
significant.  Using  as  estimated  average  copper  concentration  of  about  0.13  mg/L  in 
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drinking  water,  and  assuming  a  daily  consumption  of  2  L  of  water  for  adults,  the 
average  daily  copper  intake  through  drinking  water  would  be  0.26  mg.  The  U.S.  EPA 
secondary  maximum  contaminant  level  for  copper  in  drinking  water  has  been  set  at  1 
mg/L,  based  on  the  organoleptic  data  for  controlling  taste  and  odor  rather  than  health 
considerations. 

No  federal  air  quality  standards  for  copper  have  been  promulgated  and  the  ex¬ 
posure  to  the  general  public  is  not  expected  to  be  significant.  The  mean  concentration 
of  copper  in  rural,  urban,  suburban  areas  and  hot  spots  (areas  close  to  the  emission 
sources)  have  been  estimated  to  be  25,  160,  190.  and  449  ng/m^,  respectively; 
concentrations  well  below  the  OSHA  standards.  However,  the  potential  exists  for 
heavy  deposition  of  copper  on  the  soil  near  the  smelters,  and  small  children  may  ingest 
>5  mg  Cu/day  based  on  estimates  that  children  may  ingest  an  average  of  100  mg 
soil/day.  Atmospheric  emissions  from  copper  smelters  may  also  adversely  affect  terres¬ 
trial  and  aquatic  life  downwind  resulting  in  eff 3Cts  ranging  from  complete  destruction 
of  vegetation  to  disruption  of  nutrient  cycling  and  elimination  of  sensitive  species. 

Exposure  to  excessively  high  levels  of  copper  are  likely  to  occur  only  in  occupa¬ 
tional  exposure  situations.  The  OSHA  PEL  for  copper  fumes  and  copper  dusts  and 
mists  have  been  established  at  0.1  mg/m^  and  1.0  mg/m^  respectively. 

773.4  Hazard  Assessment 

Copper  is  an  essential  element  and  homeostatic  mechanisms  for  absorption, 
distribution,  storage,  utilization,  and  excretion  are  well-developed.  However,  in  cases 
where  homeostatic  mechanisms  are  disrupted  as  a  result  of  genetic  defects  or  abnormal 
development,  and  copper  intake  is  not  regulated,  copper  toxicosis  may  result. 

Acute  toxic  effects  following  ingestion  of  large  doses  of  copper,  include 
abdominal  pain,  diarrhea,  vomiting,  gastrointestinal  bleeding,  hepatic  necrosis,  oliguria, 
azotemia,  hemoglobinuria,  hematuria,  proteinuria,  hypotension,  tachycardia,  convul¬ 
sions,  coma,  and  death  (5851).  The  genera!  public’s  exposure  to  copper  mainly  takes 
place  through  food  and  exposure  to  toxic  levels  is  unlikely  except  in  accidental  cases 
such  as  drinking  acidic  beverages  or  food  stored  in  copper  or  brass  vessels.  The  latter 
is  deemed  to  be  the  reason  for  Indian  Childhood  Cirrhosis.  Symptoms  of  copper 
toxicosis  arc  also  exhibited  by  sufferers  of  Wilson’s  disease  which  is  caused  by  a  genetic 
defect  affecting  copper  metabolism. 

Workers  occupationally  exposed  to  copper  have  exhibited  symptoms  of  atrophic 
rhinitis,  runny  nose,  mucosal  irritation  in  the  mouth  and  eyes,  contact  dermatitis,  mild 
anemia,  and  leukocytosis.  Short-term  exposure  to  copper  fumes  leads  to  "metal  fume 
fever."  Recovery  takes  place  within  days,  usually  without  any  sequelae  (5811,  5827). 

Several  epidemiological  studies  have  been  reported  in  the  literature  but  the 
results  arc  inconclusive  because  there  was  simultaneous  exposure  to  other  chemicals. 
The  overall  wcight-of-cvidcnce  from  the  animal  studies  suggest  that  there  are  insuffi¬ 
cient  data  to  determine  the  carcinogenic  potential  of  copper  at  this  time.  The  U.S. 
EPA  lists  copper  in  Group  D  (not  classifiable  as  to  human  carcinogenicity). 
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The  available  data  do  not  permit  a  definitive  conclusion  on  the  mutagenicity  of 
copper.  However,  the  teratogenicity  of  copper  has  been  demonstrated  in  hamsters  and 
mice.  The  spermicidal  effect  of  small  amounts  of  copper  leaching  out  from  intrauterine 
devices  has  also  been  shown. 


77.4  SAMPLING  AND  ANALYSIS  CONSIDERATIONS 

Determination  of  copper  concentrations  in  soil  and  water  requires  the  collec¬ 
tion  of  a  representative  field  sample  and  the  maintenance  of  proper  storage  conditions 
prior  to  laboratory  analysis.  Samples  for  metal  determinations  should  be  collected  in 
either  glass,  polypropylene  or  teflon  containers.  The  sample  containers  should  have 
been  previously  cleaned  with  the  following  sequence  of  reagents  to  minimize  bottle 
contamination:  detergent,  tap  water,  1:1  nitric  acid,  tap  water,  1:1  hydrochloric  acid, 
tap  water,  and  Type  II  water.  Approximately  600  mL  of  aqueous  sample  should  be 
collected  to  ensure  a  final  sample  digestion  volume  of  100  mL.  To  reduce  the  proba¬ 
bility  of  metal  hydrolysis,  metal  adsorption  onto  or  leaching  from  the  sample  container, 
or  chemical  transformation  through  bacterial  metabolism,  the  aqueous  sample  must  be 
preserved  with  the  addition  of  nitric  acid  such  that  the  final  pH  is  less  than  pH  2.  At 
least  200  grams  of  solid  sample  should  be  collected  to  prepare  a  sample  digestion 
volume  of  100  mL.  Usually  no  preservative  procedure  is  required  for  solid  samples 
other  than  storage  at  4‘’C  until  sample  analysis.  All  samples  should  be  analyzed  within 
180  days  of  sample  collection.  In  addition  to  the  targeted  samples,  duplicates  and 
spiked  matrices  should  be  included  in  the  analytical  program  to  ascertain  the  reproduci¬ 
bility  and  accuracy  of  the  analytical  determination  (5868). 

Analytical  methods  available  for  analyzing  inorganic  copper  in  water,  soils  and 
waste  include  atomic  absorption  (Methods  220.1  and  220.2)  and  inductively  coupled 
plasma  atomic  emission  spectrometry  (Method  200.7)  techniques.  Depending  upon  the 
analytical  method,  treatment  with  acid  or  a  combination  of  acid  with  hydrogen  peroxide 
is  used  to  digest  the  samples.  Sample  preparation  procedures  specific  to  each  analytical 
technique  are  described  in  Methods  200.0,  and  200.7  for  aqueous  samples  (5868)  and 
Methods  3005,  3010,  3020,  3040,  and  3050  for  solid  or  waste  samples.  Quality  control 
samples  should  be  processed  with  the  samples  to  determine  whether  analyte  losses  have 
occurred  during  the  sample  dissolution  procedure  (5869). 

The  atomic  absorption  techniques  are  probably  the  most  common  procedures 
for  determining  the  concentration  of  copper  in  water,  soil  and  waste  samples.  Follow¬ 
ing  the  appropriate  digestion  of  the  sample,  a  representative  aliquot  of  the  digestatc  is 
atomized  by  either  directly  aspirating  it  into  a  flame  or  by  charring  it  in  a  graphite  tube 
furnace.  The  absorption  of  hollow  cathode  or  electrodeless  discharge  lamp  radiation  at 
324.7  nm  will  be  proportional  to  the  copper  concentration.  The  detection  ranges  arc 
0.2-5  mg/L  and  5-100  pg/L  for  the  flame  and  the  furnace  atomic  absorption  techniques, 
respectively.  No  EPA  data  is  currently  available  to  document  the  precision  and 
accuracy  of  the  graphite  furnace  technique.  An  intcrlaboratory  study  of  six  synthetic 
samples  has  been  undertaken  to  ascertain  the  precision  and  accuracy  of  the  flame 
atomic  absorption  procedure.  The  standard  deviation  between  laboratory  results  using 


77-34 


(X)PPER 


the  flame  technique  ranged  between  17-81%.  The  bias  in  results  compared  to  the  true 
values  ranged  from  -2  to  30%  (5868). 

EPA  has  recently  approved  the  use  of  the  inductively  coupled  plasma  (ICP) 
atomic  emission  method  for  determining  compliance  with  existing  National  Primary 
(and  Secondary)  Drinking  Water  Regulations  (5870).  The  technique  is  based  upon  the 
simultaneous  or  sequential  multi-element  measurement  of  atomic  emission  of  trace 
metals.  A  preserved  and/or  digested  sample  is  nebulized  to  form  an  aerosol  that  is 
introduced  into  a  high  temperature  plasma  where  atomic  excitation  occurs.  Character¬ 
istic  atomic-line  emission  spectra  are  produced  by  a  radio-frequency  inductively  coupled 
plasma  and  are  dispersed  by  a  grating  spectrometer.  The  line  intensities,  which  are  a 
measurement  of  elemental  concentrations,  are  monitored  by  photomultiplier  tubes. 
Optical  compensation  techniques  are  used  to  correct  for  spectral  interferences.  In  an 
EPA  evaluation  of  the  reproducibility  and  accuracy  of  the  ICP  method,  the  mean 
percent  relative  standard  deviation  for  triplicate  analysis  of  22  elements  was  found  to 
be  9%.  The  mean  percent  recovery  of  spiked  elements  for  all  waste  samples  was  93% 
(5868). 


Detection  Limit 

Method 

6  pg/L  (aqueous  &  nonaqueous) 

200.7 

20  pg/L  (aqueous  &  nonaqueous) 

220.1 

1  pg/L  (aqueous  &  nonaqueous) 

220.2 
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APPENDIX  1 

USEFUL  HANDBOOKS,  DATABOOKS,  RESPONSE  GUIDES 
AND  AIR  FORCE  DOCUMENTS 

A  listing  of  useful  handbooks,  datab(x>ks  and  response  guides,  all  relating  to  the 
release  of  hazardous  or  toxic  chemicals  to  the  environment,  the  properties  and 
hazards  of  the  chemicals,  initial  responses  to  spills  of  such  chemicals,  or  subsequent 
remedial  action  follow.  The  contents  of  each  publication  is  briefly  described.  The 
following  listing  is  not  intended  to  be  inclusive  of  all  publications  of  this  kind.  In  this 
volume,  this  listing  also  includes  references  regarding  the  toxicology  of  metals  in 
addition  to  those  references  pertinent  for  the  preceding  volumes. 


•  A  Mcthrxl  for  Determining  the  Comoatibilitv  of  Hazardous  Wastes 

Authors: 

H.  K.  Hatayama  et  at.  (April  1980) 

Available  from: 

U.S.  Environmental  Protection  Agency 

Municipal  Environmental  Research  Laboratory 

Cincinnati,  OH 

(EPA  Report  No.  EPA-600/2-80-()76) 

(NTIS  Report  No.  PB80-221005) 

Contents: 

Provides  method  and  chart  for  defining  compatloilily  t)f 
various  families  of  hazardous  materials  and  wastes. 

•  Accident  Management  Orientation  Guide 

Authors: 

D.  K  Shaver  et  al.  (October  198.'’) 

Available  from: 

Air  Force  Rocket  Propulsion  Laboratory 

Air  Force  Systems  Command 

Edwards  Air  Force  Ba.se 

California  9352.3 

(Report  No.  AFRPL-TR-82-075) 

Contents: 

This  document  identifies  guidelines  for  mitigating 
hazards  associated  with  an  in-service  railroad  derailment  or 
a  railroad  yard  accident  involving  hazardous  materials  of 
interest  to  the  Air  Force. 
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•  Biological  Monitoring  of  Metak  in  the  Rnyironment 

Authors:  T.W.  Clarkson,  L.  Friberg,  G.  F.  Nordberg  and  P.  R. 

Sager,  eds. 

Available  from:  Plenum  Press,  New  York  and  London 


Contents:  Contains  contributed  papers  and  an  overview  of  the 

Biological  Monitoring  of  Metals  Conference  (Rochester, 
NY,  June  2-6,  1986).  Provides  information  on  monitoring 
and  analysis  of  metals  in  biological  systems 


•  Carbon  Adsorption  Isotherms  for  Toxic  Organics 

Authors:  R.  A.  Dobbs  and  J.  M.  Cohen  (April  1980) 

Available  from:  U.S.  Environmental  Protection  Agency 

Office  of  Research  and  Development 
Cincinnati,  OH 

(EPA  Report  No.  EPA-600/8-80-023) 

Contents:  Provides  detailed  data  on  the  effectiveness  of  carbon  for 

removal  of  organic  substances  from  water. 


•  Chemical  Hazards  of  the  Workplace 

Authors:  N.  H.  Proctor  and  J.  P.  Hughes  (1978) 

Available  from:  J.  B.  Lippincott  Company 

Philadelphia,  PA 


Contents: 


Provides  data  on  the  toxicological  effects  of  chem¬ 
icals  and  suggests  medical  treatment  protocols  in  more 
detail  than  given  elsewhere. 
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•  CHRIS  Hazardous  Chemical  Data 

Author:  U.S.  Coast  Guard  (1985) 

Available  from:  Superintendent  of  Documents 

U.S.  Government  Printing  Office 
Washington,  D.C.  20402 
(Stock  No.  050-012-00147-2) 

Contents:  Provides  a  wide  variety  of  data  on  more  than  1000 

hazardous  materials  when  ordered  with  various  addendums. 
A  separate  volume  (Stock  No.  050-012-00158-8)  provides 
graphs  of  temperature  dependent  physical  properties. 


•  Dangerous  Properties  of  Industrial  Materials.  7th  edition 

Author:  N.  I.  Sax,  ed.  (1989) 

Available  from:  Van  Nostrand  Reinhold 

New  York,  NY 

Contents:  A  well-known  handbook  that  provides  a  brief  summary  of 

the  toxicology  and  properties  of  numerous  hazardous 
substances. 


•  Dangerous  Properties  of  Industrial  Maten'ab  Report 

Author:  N.  I.  Sax,  ed.  (bimonthly  publication) 

Available  from:  Van  Nostrand  Reinhold  Company 

New  York,  NY 

Contents:  Each  bimonthly  report  provides  detailed  data  on  the 

hazards  and  environmental  effects  of  several  chemicals. 
Much  of  the  data  is  from  the  EPA’s  Oil  and  Hazardous 
Materials-Technical  Assistance  Data  System  (OHM-TADS) 
and  similar  sources. 
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•  Emergency  Action  Guides 

Authors:  P.  C.  Conlon  and  A  M.  Mason,  eds.  (1984) 

Available  from:  Bureau  of  Explosives 

Association  of  American  Railroads 
1920  L  Street  N.W. 

Washington,  D.C.  20036 

Contents:  Provides  detailed  data  and  spill  resjxinse  information 

on  each  of  the  134  materials  that  comprise  over  98  percent 
of  the  hazardous  commodities  transported  by  rail  in  the 
United  States. 


•  Emergency  Handling 

of  Hazardous  Materials  in  Surface 

TransDortation 

Author: 

P.  J.  Student,  ed.  (1981) 

Available  from: 

Bureau  of  Explosives 

Association  of  American  Railroads 

1920  L  Street  N.W. 

Washington,  D.C.  20036 

Contents: 

Provides  brief  spill  response  recommendations  for  each 
hazardous  material  regulated  by  the  U.S.  Department  of 
Transportation. 

•  Emereency  Response 

Guidebook 

Author: 

Materials  Transportation  Bureau  (1987) 

Available  from: 

U.S.  Department  of  Transportation 

Materials  Transportation  Bureau 

Attention:  DMT- 11 

Washington,  DC  20590 
(Publication  DOT  P5800.3) 

G)ntents: 

A  guide  for  initial  actions  to  be  taken  by  emergency 
service  personnel  during  hazardous  material  incidents. 
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•  Fire  Protection  Guide  on  Hazardous  Materials 


Author:  National  Fire  Protection  Association  (1986) 

Available  from:  National  Fire  Protection  Association 

Batterymarch  Park 
Quincy,  MA  02269 

Contents:  Flash  Point  Index  of  Trade  Name  Liquids  Fire  Hazard 

Properties  of  Flammable  Liquids,  Gases,  and  Volatile 
Solids  (NFPA  325M)  Hazardous  Chemicals  Data  (NFPA 
49)  Manual  of  Hazardous  Chemical  Reactions 
(NFPA491M) 


•  Groundwater  Contamination  Response  Guide.  Volume  I:  Methodology. 
Volume  11:  Desk  Reference 

Authors:  J.  H.  Guswa  and  W.  J.  Lyman  (1983) 

Available  from:  National  Technical  Information  Service 

Springfield,  VA 

(as  U.S.  Air  Force  Report  ESL-TR-82-39) 
or 

Noyes  Publications 
Park  Ridge,  NJ 

(under  the  title  "Groundwater  Contamination  and 
Emergency  Response  Guide"  (1984))* 

Contents:  Provides  an  overview  of  ground-water  hydrology  and  a 

current  technology  review  of  equipment,  methods,  and 
techniques  used  to  investigate  incidents  of  ground  water 
contamination  by  chemicals. 

*Noyes  Publications  also  contain  a  reproduction  of  the  report  by  A.  S. 
Donnigian,  Jr.  et  al.:  Rapid  Assessment  of  Potential  Ground-Water 
Contamination  Under  Emergency  Response  Conditions,  a  1983  report  to  the 
U.S.  Environmental  Protection  Agency. 
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Ground-Water  Hvdroiogv  Workbook 

Authors:  E.W.  Artiglia  and  G.R.  New  (1984) 

Available  from:  USAF  Occupational  and  Environmental  Health 

Laboratory 

Brooks  AFB,  TX  78235 
(Report  No.  84-168EQ111DGB) 

Contents:  Summarizes  introductory  articles  in  ground-water 

hydrology  of  importance  to  base  bioenvironmental 
engineers  involved  with  the  IRP  program. 


•  Guidelines  Establishing  Test  Procedures  For  The  Analysis  of  Pollutants  Under 
the  Qean  Water  Act  Appendix  A. 

Author:  U.S.  Environmental  Protection  Agency  (1984) 

Available  from:  Federal  Register 

Volume  49(209):43234 
October  26,  19&4 

Contents:  Methods  for  analysis  of  environmental  samples. 


•  Guidelines  for  the  Selection  of  Chemical  Protective  aothing 

Authors:  AD.  Schwope  et  al.  (1987) 

Available  from:  U.S.  Environmental  Protection  Agency 

Washington,  D.C. 

Contents:  Denotes  compatibility  of  rubber  and  plastic  clothing 

materials  with  various  chemicals;  provides  guidelines  for 
clothing  selection  and  use. 
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•  Gtiidclines  for  the  Use  of  Chcmicak  in  Removinf  Hazardous 
Substances  Discharges 

Authors:  C.  K.  Akers,  R.  J.  Pilie  and  J.  G.  Michalovic  (1981) 

Available  from:  U.S.  Environmental  Protection  Agency 

Office  of  Research  and  Development 
Cincinnati,  OH 

(EPA  Report  No.  EPA-6(X)/2-8 1-205) 

Contents:  Report  provides  guidelines  on  the  use  of  various 

chemical  and  biological  agents  to  mitigate  discharges  of 
hazardous  substances. 


•  Handbook  for  Evaluating  Remedial  Action  Technology  Plans 

Authors:  J.  Ehrenfeld  and  J.  Bass  (1983) 

Available  from:  U.S.  Environmental  Protection  Agency 

Office  of  Research  and  Development 
Cincinnati,  OH 

(EPA  Report  No.  EPA-600/1 -83-076) 

Contents:  Provides  information  on  over  50  remedial  action 

technologies  for  cleanup  of  chemically-contaminated  sites. 


•  Handbook  of  Chemical  Property  Estimation  Methods 

(subtitle:  Environmental  Behavior  of  Organic  Compounds) 

Authors:  W.  J.  Lyman,  W.  F.  Rechl,  D.  H.  Rosenblatt,  eds.  (1982) 

Available  from:  McGraw-Hill  Book  Co. 

New  York,  NY 


Contents: 


Provides  estimation  methods  for  (and  discussion  of)  26 
environmentally-important  properties  of  organic  chemicals. 


APPENDIX 


Handbcwk  of  Environmental  Data  on  Organk;  Chemicals.  Tnd  edition 


Author: 

K.  Verschueren  (1983) 

Available  from: 

Van  Nostrand  Reinhold 
New  York,  NY 

Contents: 

Provides  detailed  property  and  environmental  data  on 
numerous  organic  substances. 

•  Handbook  of  Toxic  and  Hazardous  Chemicals 

Author: 

M.  Sittig  (1985) 

Available  from: 

Noyes  Publications 

Park  Ridge,  NJ 

Contents: 

Discusses  a  wide  range  of  topics  for  numerous  chemicals, 
with  special  emphasis  on  toxicology  and  protective 
measures. 

•  Handbook  on  Toxicitv  of  Inoreanic  Comnounds 

Editors: 

H.G.  Seiler,  H.G.  Sigel  (1988) 

Available  from: 

Marcel  Dekker,  Inc. 

New  York,  NY 

Contents: 

Presents  information  on  commonly  encountered  and 
significant  inorganic  chemicals. 

APPENDIX 


A-9 


•  Handbook  on  the  Toxicology  of  Metals 

Editors:  L.  Friberg,  G.  Nordberg,  V.B.  Vouk  (1986) 

Available  from:  Elsevier 

New  York,  NY 

Contents:  Covers  a  wide  range  of  topics  relating  to  the  chemistry  and 

toxicology  of  metals.  Includes  metal-specific  chapters. 


•  Hazardous  Chemicals  Data  Book.  2nd  edition 

Author: 

G.  Weiss,  ed.  (1986) 

Available  from: 

Noyes  Data  Corporation 

Park  Ridge,  NJ 

Contents: 

Reproduction  of  data  (physicochemical  properties, 
hazards,  toxicity,  etc.)  related  to  chemical  spill  response 
from  (1)  CHRIS  Hazardous  Chemical  Data  (1978)  and  (2) 
Material  Safety  Data  Sheets  prepared  by  Oak  Ridge 
National  Laboratory. 

•  Herbicide  Handbook.  Sth  edition 

Author: 

Weed  Science  Society  of  America  (1983) 

Available  from: 

Weed  Science  Society  of  America 

309  West  Clark  Street 

Champaign,  IL  61820 

Contents: 

Provides  basic  information  on  physiocochemical  proper¬ 
ties,  uses,  environmental  fate,  physiological  and  biochemical 
behavior,  and  toxicological  properties  for  most  herbicides 
in  use.  (Previous  editions  may  cover  out-of-use 
heibicides.) 
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•  Metals  and  Their  Compwunds  in  the  Environment 

Editor:  E.  Meriam  (1987) 

Available  from:  VCH  Verlagsgesellschaft 

Weinheim,  Fed.  Repub.  Germany 


Contents:  Provides  both  general  and  specific  information  on 

environmental  fate  and  biological  effects  of  metals. 


•  Methods  to  Treat 

.  Control  and  Monitor  Spilled  Hazardous  Materials 

Authors: 

R.  J.  Pilie  et  al.  (1975) 

Available  from: 

U.S.  Environmental  Protection  Agency 

Industrial  Waste  Treatment  Research  Laboratory 

Edison,  NJ 

(EPA  Report  No.  EPA-670/2-75-042) 

Contents: 

Special  studies  of  selected  chemical  spill  response 
measures  plus  matrix  of  possible  spill  response  measures 
for  250  hazardous  liquids. 

•  Methods  to  Treat 

1  Control  and  Mom'tor  SpQled  Hazardous  Materials 

Authors: 

R.  J.  Pilie  et  al.  (1975) 

Available  from: 

U.S.  Environmental  Protection  Agency 

Industrial  Waste  Treatment  Research  Laboratory 

Edison,  NJ 

(EPA  Report  No.  EPA-670/2-75-042) 

Contents: 

Special  studies  of  selected  chemical  spill  response 
measures  plus  matrix  of  possible  spill  response  measures 
for  250  hazardous  liquids. 
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•  NIOSH  Manual  of  Analytical  Methods.  3id  edition 

Author:  Peter  M.  Eller,  ed.  (1984) 

Available  from:  Superintendent  of  Documents 

U.S.  Government  Printing  Office 
Washington,  D.C.  20402 

Contents:  Contains  sampling  and  analytical  methods  for  use  in 

industrial  hygiene  environmental  monitoring. 


•  NIQSH/QSHA  Occupational  Health  Guidelines  for  Chemical  Hazards 

Authors:  F.  W.  Mackison  et  al.,  eds.  (January  1981) 

Available  from:  Superintendent  of  Documents 

U.S.  Government  Printing  Office 

Washington,  D.C.  20402 

(DHHS  (NIOSH)  Publication  No.  81-123) 

Contents:  Provides  information  on  toxicology,  chemical  proper¬ 

ties,  first  aid,  and  personal  protective  clothing  and 
equipment  for  many  OSHA-regulated  commodities. 


•  Patty’s  Industrial  Hygiene  and  Toxicologv  -  VoL  2A.B.C: 

Toxicology 

Authors:  G.D.  Clayton  and  F.E.  Clayton,  eds.  (1981-1982) 

Available  from:  John  Wiley  &  Sons 

New  York,  NY 


Contents: 


Provides  extensive  discussion  of  the  properties  and 
toxicology  of  numerous  chemicals. 
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•  Penv*8  Chemical  Engineers  Handbook 

Authors:  R.  H.  Perry  and  D.  Green,  eds.  (1984) 

Available  from:  McGraw-Hill  Book  Company 

New  York,  NY 

Contents:  Contains  extensive  data  on  the  properties  of  chemicals 

and  on  their  compatibility  with  various  materials  of 
construction  (plus  numerous  other  topics). 


•  Pesticide  Manual  7th  edition 

Author:  C.  R.  Worthing,  ed.  (1983) 

Available  from:  British  Crop  Protection  Council  Publications 

Worcestershire  WR13  15LP 
ENGLAND 


Contents: 


Provides  a  brief  review  of  analysis,  uses  and  toxicity  of 
chemicals  and  microbial  agents  used  as  active  components 
of  pest-control  products. 
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•  Post  Accident  Procedures  for  Chemicab  and  Propellants 

-  Interim  Report  for  the  Period  8/11/80  to  3/31/81  (September 
1982)  (Report  No.  AFRPL-TR-82-031) 

-  Interim  Report  for  the  Period  4/81  to  1/82  (September  1982) 

(Report  No.  AFRPL-TR-82-032) 

-  Guidelines  Manual  (January  1983)  (Report  No.  AniPL-TR-82-077) 

Authors:  D.  K.  Shaver  et  al. 

Available  from:  Air  Force  Rocket  Propulsion  Laboratory 

Air  Force  Systems  Command 
Edwards  Air  Force  Base 
California  93523 

Contents:  This  is  a  series  of  manuals  providing  information  and 

data  required  to  respond  to  spills  of  chemicals  and 
propellants  of  special  interest  to  the  Air  Force. 


•  Quality  Criteria  for  Water 

Author:  U.S.  Environmental  Protection  Agency  (July  1976) 

Available  from:  Superintendent  of  Documents 

U.S.  Government  Printing  Office 
Washington,  D.C.  20402 
(Stock  No.  055-001-01049-4) 

Contents:  This  is  EPA’s  well-known  guide  to  water  quality 

criteria  commonly  referred  to  as  the  "redbook." 
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•  Reeistrv  of  Toxic  Effects  of  Chemical  Substances 

Authors: 

R.  L.  Tatken  and  R.  J.  Lewis,  Sr.,  eds.  (June  1983) 

Available  from: 

Superintendent  of  Documents 

U.S.  Government  Printing  Office 

Washington,  D.C.  20402 

(DHHS  [NIOSHJ  Publication  83-107) 

Contents: 

Summarizes  results  of  primarily  short-term 
toxicological  experiments  for  thousands  of  chemicals. 

•  Standard  Methods  for  the  Examination  of  Water  and  Wastewater. 

15th  edition 

Authors: 

Arnold  Greenberg  et  al,  eds.  (1985) 

Available  from: 

American  Public  Health  Association 

1015  18th  Street 

Washington,  D.C. 

Contents: 

Methods  for  analysis  of  environmental  samples. 

•  Supplement  to  Development  Document,  Hazardous  Substances 
Regulations.  FWPCA  as  Amended  1972 

Author:  U.S.  Environmental  Protection  Agency  (November  1975) 

Available  from:  U.S.  Environmental  Protection  Agency 

Office  of  Water  Planning  and  Standards 
Washington,  D.C.  20460 

Contents:  Discusses  the  environmental  effects  of  numerous  water 

pollutants. 
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•  Test  Methods  for  Evaluating  Solid  Wastc-Phvsical  Chemical 
Methods.  3rd  edition 

Author:  U.S.  Environmental  Protection  Agency  (1987) 

Available  from:  Superintendent  of  Documents 

U.S.  Government  Printing  Office 
Washington,  D.C.  20460 
(Report  No.  SW-846) 

Contents:  Methods  for  analysis  of  environmental  samples. 


•  TLVs-Threshold  Limit  Values  for  Chemical  Substances  and  Physical 
Agents  in  the  Work  Environment  and  Biological  Exposure  Indices 
with  Intended  Changes  for  1987-1988 

Author:  American  Conference  of  Governmental  Industrial 

Hygienists  (1987) 

.  Available  from:  American  Conference  of  Governmental  Industrial 

Hygienists 

6500  Glenway  Ave.,  Bldg.  D-5 
Cincinnati,  OH  45211 


Contents: 


This  booklet  (or  the  latest  version  of  it)  presents 
recommended  exposure  limits  for  airborne  concentrations 
of  toxic  materials  in  the  working  environment. 
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•  Toxicology  of  the  Eve 

Author:  W.  M.  Grant  (1986) 

Available  from:  Charles  C.  Thomas  -  Publisher 

Springfield,  IL 

Contents:  An  excellent  source  of  information  on  the  effects  of 

numerous  chemicals  and  other  substances  on  the  eyes. 


•  Toxicology  of  Trace  Elements 

Editors:  R.A  Goyer  and  M.A  Mehlman  (1977) 

Available  from:  Hemisphere  Publishing  Co. 

Washington,  D.C. 

Contents:  Provides  information  on  the  fate  and  effects  of  trace 

elements  in  living  systems. 


•  USAF  OEHL  Recommended  Sampling  Procedures 

Author:  USAF  Occupational  and  Environmental  Health  Laboratory 

(January  1982) 

Available  from:  USAF  Occupational  and  Environmental  Health 

Laboratory 

Brooks  Ara,  TX  78235 
(Limited  Distribution) 

Contents:  <^utlincs  standardized  sampling  procedures  with 

appropriate  collection  and  preservation  techniques  for 
submission  of  samples  to  USAF  OEHL  for  analysis. 


APPENDIX 


•  Water-Related  Environmental  Fate  of  129  Pfioritv  Pollutants  (2  volumes) 

Authors:  M.  A  Callahan  et  al.  (December  1979) 

Available  from;  U.S.  Environmental  Protection  Agency 
Washington,  D.C. 

(EPA  Report  No.  EPA-440/4-79-029a  and  -029b) 
(NTIS  No.  PB80-204373  and  PB80-204381) 
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Individual  chapters  address  the  fate  of  priority 
pollutants  in  the  environment. 


A-18 


PERTINENT  AIR  FORCE  PUBUCATIONS  FOR  THE 
USAF  INSTALLATION  RESTORATION  PROGRAM 


APPENDIX 


PUBUCATION 
AFR  161-8 

AFR  161-17 

AFR  161-44 

AFR  19-1 
AFR  19-7 

DEQPPM  80-8 
DEQPPM  80-9 

DEQPPM  81-5 

EO  12088 

GWMR 

IRPMC 

LEEV  LTR 


COMMENT 


Establishes  USAF  permissible  exposure  limits  for  chemical 
substances. 

Establishes  USAF  OEHL  consultant  services  in  Environmental 
Engineering,  Industrial  Hygiene,  Occupational  Health,  Radiation 
Protection,  and  Analytical  Chemistry. 

Establishes  USAF  drinking  water  standards  for  common 
contaminants.  For  the  most  part,  these  are  the  same  as  the 
National  Primaiy  and  Secondary  Drinking  Water  Standards. 

Establishes  the  USAF  Environmental  Protection  Program. 

Establishes  responsibilities  for  environmental  monitoring  for  Air 
Force  installations.  This  regulation  defines  the  roles  of  the  Civil 
Engineer,  the  Bioenvironmental  Engineer,  and  others  with  respect 
to  environmental  pollution  monitoring. 

DoD  implementation  of  RCRA. 

DoD  guidance  on  the  proper  handling,  storage,  and 
disposal  of  PCB  and  PCB  items. 

DoD  guidance  on  the  Installation  Restoration  Program  to  identify 
and  evaluate  past  DoD  hazardous  material  disposal  sites  on  DoD 
installations  and  control  migration  from  such  sites. 

Requires  federal  compliance  with  applicable  federal,  state,  and 
local  pollution  control  standards  (procedural  and  substantiative) 
the  same  as  any  other  industry  or  private  person. 

Quarterly  publication  on  ground-water  monitoring  remedial 
actions.  Presents  technical  articles  on  contaminant  transport, 
analytical  methods,  sampling  methodology,  and  data  interpretation. 

Establishes  the  management  concept  for  the  IRP  Phase  II 
program. 

Policy  letters  formulated  by  USAF  HQ/LEEV. 


APPENDIX 


Establishes  prcKedures  for  response  to  potential  for  confirmed 
contamination  of  our  nation. 
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APPENDIX  2 

U.S.  AIR  FORCE  POINTS  OF  CONTACT  FOR  THE 
INSTALLATION  RESTORATION  PROGRAM 

•  Mr.  Gary  D.  Vest 
Maj.  Patrick  T.  Fink 
SAF/MIQ 

Washington,  D.C  20330-5000 
AV  227-9297 

Commercial:  (202)  696-9297 

Office  of  the  Assistant  Secretary  of  the  Air  Force 
Deputy  for  Environment  and  Safety 

Responsible  for  overall  Air  Force  IRP  guidance. 


IRP  GROUP 

•  Maj.  Scott  L.  Smith,  Branch  Chief 
AV  297-0275 

Responsible  for  IRP  engineering  policy  formulation. 

•  Maj.  Roy  K.  Soloman 
AV  297-0275 

Responsible  for  Environmental  Compliance  Assessment  and 
Management  Program  (ECAMP),  Environmental  Protection  Committee, 
and  IRP  implementation. 

•  Col.  Raymond  A  Malinovsky 

Chief,  Environmental  Quality  Division 
Director  of  Engineering  and  Services 
HQ  USAF/LEEV 
Bolling  Air  Force  Base 
Washington,  DC  20332-5000 

•  Capt.  Gerald  L.  Hromowyk 
AV  297-0275 

Re.sponsiblc  for  spill  policy  and  management  information  systems. 

•  Capt.  Charles  M.  Groover 
AV  297-0275 

Responsible  for  underground  storage  tanks  and  training. 

•  Mr.  Earl  E.  Kneeling 
AV  297-4174 

Responsible  for  Defense  Environmental  Restoration  Program  policy. 
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•  Mr.  Jeffery  J.  Short 
AV  297-0275 

Responsible  for  Third  Party  Sites. 

•  Col.  Thayer  J.  Lewis,  Chief 
Bioenvironmental  Engineering 
HQ  USAF/SGPA 

Bolling  AFB,  DC  20332-6188 
AV  297-1737 

Commercial:  (202)  767-1737 

•  Lt.  Col.  Edward  W.  Artiglia 
AV  297-1738 

Responsible  for  IPR  medical  service  policy  formulation. 


•  Col.  Frank  P.  Gallagher 
HQ  AFESC/RDV 
Tyndall  AFB,  FL  32403-6001 
AV  970-2097/2098 
Commercial:  (904)  283-2097/2098 

USAF  Engineering  and  Services  Center 
Engineering  and  Services  Laboratory 
Environics  Division 

Responsible  for  IRP  engineering  research  and  development. 


•  Mr.  Emile  Y.  Baladi 
USAF  OEHL/TS 
Brooks  AFB,  TX  78235-5000 
AV  240-2158/2159 
Commercial:  (512)  536-2158/2159 

USAF  Occupational  and  Environmental  Health  Laboratory  Technical 
Services  Division 


Responsible  for  IRP  Phase  II  technical  program  management. 
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•  Dr.  Jeffrey  W.  Fisher 
AAMRL/THA 

Wright-Patterson  AFB,  OH  45433-6573 
AV  785-2704 

Commercial:  (513)  255-2704 

Harry  G.  Armstrong  Aerospace  Medical  Research  Laboratory  Toxic  Hazards 
Division 

Responsible  for  IRP  health  effects  research. 


•  Lt.  Col.  Stanley  O.  Hewins 
USAF  OEHL/ECO 
Brooks  AFB,  TX  78235-5000 
AV  240-2063 

Commercial;  (512)  536-2063 

USAF  Occupational  and  Environmental  Health  Laboratory  Consultant 
Services  Division 
Environmental  Health  Branch 

Responsible  for  Toxicology  Consultant  Service. 


•  Major  Air  Command  Bioenvironmental  Engineers 

See  latest  edition  of  the  "Worldwide  Listing  of  Bioenvironmental 
Engineering  and  Environmental  Health  Personnel." 

Responsible  for  implementing  IRP  policy  and  management  decisions  and 
coordinating  with  state/local  regulatory  agencies. 
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APPENDIX  3 

MATH,  (INVERSIONS  AND  EQUIVALENTS 

•  C^alculation  of  Air  W/V  Ctonversion  Factors 

One  liter  of  air  at  25  °C  (298.16  ®K)  contains: 

(1  atm)(l  liter) _  =  0.040874  moles  of  gas. 

.0821  liter  atm/mole)(298.16  °K) 

Hence,  one  liter  of  air  contains: 

MW  X  lO"*  X  0.040874  grams  of  a  contaminant  at  1  ppm. 

This  is  the  same  as  saying  1  m^  of  air  contains: 

MW  X  0.040874  mg  of  a  contaminant  at  1  ppm. 

For  example,  chloroform  has  a  MW  of  119.39.  Thus, 

1  ppm  =  1 19.39  X  0.040874  »  4.88  mg/m’  at  25°C. 

•  Conversion  for  Solutes  in  Water 

1  mg/L  »  1  ppm  (by  weight). 

•  Conversion  of  Percent  in  Food.  Water  or  Air  to  Parts  Per  Million 

X%  =  X  parts  per  100  parts 

X  (10*)  =  ppm. 

100 

•  conversion  of  Parts  Per  Million  in  Food  or  Water  to  mg/kg  bw/dav 

Since  both  food  intake  and  body  weight  vary  with  age  (and  some  times,  with 
treatment),  there  is  no  single  factor  that  precisely  converts  parts  per  million  (ppm)  in 
food  or  water  to  mg/kg  body  weight/day.  However,  by  assuming  100%  absorption  and 
adopting  a  set  of  standard  values  for  each  species  for  daily  food,  water  and  air  intake 
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and  average  body  weight,  one  can  convert  a  ppm  dosage  level  within  reasonable 
limits,  to  mg/kg  bw/day  for  the  sake  of  comparisons. 

The  following  standard  body  weights  and  intake  values  were  used  to  convert 
dietary  or  respiratory  intakes  to  estimated  daily  dose  rate: 


Snccies 

Body  Wei  eh  t 
(kg) 

Food 

Consumption 

(g/day) 

Human 

70 

700 

2000 

7.4  x  10  ^ 

Mouse 

0.025 

3 

4.5 

2.3  X  10  * 

Rat 

0.3 

15 

20 

1.0  X  10" 

Monkey 

5 

250 

500 

8.6  X  10" 

Rabbit 

2 

60 

330 

1.1  X  10* 

Dog 

10 

250 

500 

5.2  X  10  * 

Guinea  pig 

0.5 

30 

85 

1.6  X  10" 

For  example,  at  a  dietary  concentration  of  1  ppm  of  Chemical  X,  an  average 
adult  mouse  would  consume  3  g  of  food  per  day  or  0.12  mg  of  Chemical  X/kg 
bw/day.  This  value  was  calculated  as  follows: 


Intake  (mg/kg  bw/day)  =  food  consumption  (g/day)  x  dietary  concentration 

(ppm)  X  Ig/lO*  g  diet  x  1000  mg/g  x  1/bw  (kg). 

•  Calculation  of  Respiratory  Uptake 

Uptake  (mg)  =  Concentration  (mg/m^)  x  minute  volume  (mVmin)  x 
retention  factor  (assume  1.0  unless  value  is 
known)  x  time  (minutes). 

•  Temperature  Conversions 

The  formulas  given  below  were  used  to  convert  temperatures  from 
one  scale  to  another. 

To  convert  temperatures  given  in  Celsius  to  Fahrenheit: 

“F  =  9/5  (“C)  +  32 

To  convert  temperatures  given  in  Fahrenheit  to  Celsius: 


C  =  5/9  (  T  -  32) 
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STATE  WATER  QUALITY  AGENCIES  AND  CONTACTS 


Alabama 

Department  of  Environmental 
Management 
Water  Division 
1751  Dickinson  Drive 
Montgomery,  AL  36130 
(205)  271-7823 
Charles  Horn 

Alaska 

Department  of  Environmental 
Conservation 
Water  Quality 
Management  Section 
3601  C  Street 
Suite  1334 

Anchorage,  AK  99503 
(907)  563-6529 
Bill  Ashton 

Department  of  Environmental 
Conservation 
Drinking  Water  Program 
Wastewater  &  Water 
Treatment  Section 
P.O.Box  0 
Juneau,  AK  99811 
(907)  465-2653 
Charlene  Denys 

For  copies  of  Alaska’s  water 
regulations,  contact: 

The  Michie  Company 
Customer  Services  Department 
P.O.  Box  7587 

Charlottsville,  VA  22906-7587 
1-800-446-3410 


Arizona 

Department  of  Environmental 
Quality 

Safe  Drinking  Water  Unit 
2655  East  Magnolia 
Phoenix,  AZ  85034 
(602)  257-2214 
Diana  Marsh 

Department  of  Environmental 
Quality 

2005  North  Central 
Room  300 
Phoenix,  AZ  85004 
(602)  257-2333 
Dave  Woodruff 

For  copies  of  Arizona’s  water 
regulations,  contact: 

Office  of  Secretary  of  Stale 
Publications  Department 
State  Capitol,  West  Wing, 
Suite  706 

Phoenix,  AZ  85007 
(602)  255-4285 

Arkansas 

Department  of  Pollution 
Control  &  Ecology 
Water  Quality  Division 
P.O.  Box  9583 
Little  Rock,  AR  72219 
(501)  562-7444 
Bill  Keith 

Department  of  Health 
Drinking  Water  Office 
4815  West  Markham 
Little  Rock,  AR  72205 
(501)  661-2623 
Bob  Macon 
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California  Connecticut 


Water  Resources  Control 
Board 

Division  of  Water  Quality 
901  P  Street 
P.O.  Box  100 

Sacramento,  CA  95801-0100 
(916)  323-5698/(916)  322-9872 
Jessica  Lacy/Dave  Carlson 

Department  of  Health  Services 
Public  Water  Supply  Branch 
714/744  T"  Street,  OB8/692 
P.O.  Box  942732 
Sacramento,  CA  94234-7320 
(916)  323-1670/(415)  540-2172 
Nadine  Feletto/  David  Spath 

Colorado 

EPA  Regional  Office 
(Region  8) 

9^  18th  Street 
Suite  500 

Denver  Place  8WM-SP 
Denver.  CO  80202-2405 
(303)  293-1586/FTS  330-1586 
Bob  Erickson 

EPA  Regional  Office 
(Region  8) 

Drinking  Water 
999  18th  Street 
Suite  500 

Denver  Place  8WM-DW 
Denver,  CO  80202-2405 
(303)  293-1831 
Marti  Swicker 


Department  of  Environmental 
Protection 

Division  of  Environmental 
Quality, 

Water  Compliance  Unit 
122  Washington  Street 
Hartford,  CT  06106 
(203)  566-7049 
Jim  Murphy 

Department  of  Health  Services 
Preventable  Diseases  Division 
Water  Supplies  Section 
150  Washington  Street 
Hartford,  CT  06106 
(203)  566-1253 
Cliff  McClelland 

Delaware 

Department  of  Health  Services 

Drinking  Water  Office 

P.O.  Box  637 

Dover,  DE  19903 

(302)  736-4731 

Jane  Lane/Jeff  Beaman 

Department  of  Natural 
Resources  and  Environmental 
Control 

Water  Quality  Management 
Branch 

89  Kings  Hwy. 

P.O.  Box  1401 
Dover,  DE  19903 
(302)  736-4590 
Mark  Blosser 


Colorado  Department  of 
Health 

4210  E.  11th  Avenue 
Denver,  CO  80220 
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District  of  Columbia 

Department  of  Consumer 
and  Regulatory  Affairs 
Water  Quality  Section 
5010  Overlook  Ave,  SW 
Washington  DC  20032 
(202)  767-7370 
Jim  Collier 

US  Army  Corp.  Engineers 
Washington  Aqueduct 
Division 

5900  MacArthur  Blvd.  NW 
Washington  DC  20315-0220 
(202)  282-2741 
Donald  Behaven 

Florida 

Department  of  Environmental 
Regulation 

Quality  Assurance  Section 
2600  Blair  Stone  Road 
Twin  Towers  Bldg. 
Tallahassee,  FL  32399-2400 
(904)  488-0130 
John  Labie 

Department  of  Environmental 
Regulation 

Surface  Water  Section 
2600  Blair  Stone  Road 
Twin  Towers  Bldg. 
Tallahassee,  FL  32399-2400 
(904)  488-0780 
Bruce  De  Grove 

Department  of  Environmental 
Regulation 

Drinking  Water  Section 
2600  Blair  Stone  Road 
Twin  Towers  Bldg. 
Tallahassee,  FL  32399-2400 
(904)  487-1762 
Mike  Weatherington/  Kent 
Kimes 


Georgia 

Department  of  Natural 
Resources,  Environmental 
Protection  Division 
Water  Quality  Section 
205  Butler  St.,  SE 
Suite  1058 
Atlanta,  GA  30334 
(404)  656-4708 
Randy  Durham 

Department  of  Natural 
Resources,  Environmental 
Protection  Division 
Drinking  Water  Section 
205  Butler  St.,  SE 
Suite  1066,  East  Tower 
Atlanta,  GA  30334 
(404)  656-5660 
Fred  Lehman 

Hawaii 

Department  of  Health 
Safe  Drinking  Water 
Branch 

P.O.  Box  3378 
Honolulu,  HI  96801-9984 
(808)  543-8270 
Bill  Wong 

Environmental  Planning 
Office 

Department  of  Health 

645  Halekauwila  Street,  Third 

Floor 

Honolulu,  HI  96813 
(808)  543-8335 
Mary  Rose  Teves 
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Idaho 


Indiana 


Department  of  Water 
Resources 

Water  Quality  Section 
450  West  State  Street 
Boise,  ID  83720 
(208)  334-5860/(208)  334-5845 
Dick  Rogers/Susan  Martin 

For  copies  of  Idaho’s  water 
regulations,  contact: 
Adminstrative  Procedure 
Section 

Department  of  Health  & 
Welfare 

450  West  State  Street 
3rd  Floor 

Boise,  ID  83720-9990 
(208)  334-5559 
Lil  Nesmith 

Illinois 

Environmental  Protection 
Agency 

Water  Quality  Section 
2200  Churchill  Road,  #15 
P.O.  Box  19276 
Springfield,  IL  62794-9276 
(217)  782-1654 
Bob  Mosher 

Environmental  Protection 
Agency 

Division  of  Public 
Water  Supply 
2200  Churchill  Road,  #13 
Springfield,  IL  62794-9276 
(217)  782-1724 
Roger  Selberg 


Department  of  Environmental 
Management 
Water  Quality  Section 
105  South  Meridian  Street 
Indianapolis,  IN  46225 
(317)  243-5116 
John  Winters 

Department  of  Environmental 
Management 

Public  Water  Supply  Section 
105  South  Meridian  Street 
Indianapolis,  IN  46225 
(317)  243-5068 
Rick  Miranda 

Iowa 


Department  of  Natural 
Resources,  Surface  and 
Groundwater  Protection 
Wallace  State  Qffice  Bldg. 
East  9th  and  Grande  Ave. 

Des  Moines,  LA  50319-0034 
(515)  281-8869/(515)  281-7706 
Daryl  McAllister/Levoy  Haage 

Department  of  Natural 
Resources,  Drinking  Water 
Program 

Wallace  State  Qffice  Bldg. 
East  9th  and  Grande  <r\vC. 

Des  Moines,  I A  50319-0034 
(515)  281-8998 
Dennis  Alt 
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Kansas 

Department  of  Health  & 
Environment 

Water  Quality  Assessment 
Section 

Bureau  of  Water  Protection 
Forbes  Field  Bldg.  740 
Topeka,  KS  66620-7315 
(913)  296-5565 
Don  Snethen 

Department  of  Health  & 
Environment 
Drinking  Water  Section 
Bureau  of  Water  Protection 
Forbes  Field  Bldg.  740 
Topeka,  KS  66620-7315 
(913)  296-5503 
Dave  Waldo 

Kentucky 

Department  of  Environmental 
Protection 
Division  of  Water 
Water  Quality  Section 
18  Reilly  Road,  Fort  Boone 
Plaza 

Frankfort,  KY  40601 
(502)  564-3410 
Robert  Ware 

Department  of  Health 
Services 

Drinking  Water  Section 
18  Reilly  Road 
Frankfort,  KY  40601 
(502)  564-3410 
John  Smither 


Louisiana 

Department  of  Environmental 
Quality 

Office  of  Water  Resources 

Water  Quality  Section 

9th  Floor 

P.O.  Box  44091 

Baton  Rouge,  LA  70804-4091 

(504)  342-6363 

Dugan  Sabins 

Department  of  Health  & 
Hospitals 

Office  of  Public  Health 
Safer  Drinking  Water  Program 
P.O.  Box  60630 
Room  403 

New  Orleans,  LA  70160 
(504)  568-5100 
Jay  Ray 

For  copies  of  Louisiana’s  water 
regulations,  contact: 

Office  of  State  Registrar 
P.O.  Box  94095 
Baton  Rouge,  LA  70804-9095 
(504)  342-5015 
Mai  Abington 

Maine 

Department  of  Environmental 
Protection 

Water  Quality  Section 
State  House  Station  17 
Augusta,  ME  04333 
(207)  289-7777 
Barry  Mower 

Division  of  Health 
Engineering 
Drinking  Water  Section 
State  House  Station  10 
Augusta,  ME  04333 
(207)  289-3826/(207)  289-5685 
Carlton  Gardner 
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Maine 


Massachusetts 


Department  of  Human  Services 
Bureau  of  Health 
157  Capitol  Street 
State  House  Station  11 
Augusta,  ME  04333 
(207)  289-5378 
Robert  Frakes,  State 
Toxicologist 

Maryland 

Department  of  the 
Environment 
Water  Management 
Administration 
Division  of  Standards  & 
Certification 
2500  Broening  Hwy. 

Baltimore,  MD  21224 
(301)  631-3603 
Mary  Jo  Garries 

Department  of  the 

Environment 

2500  Broening  Hwy. 

Baltimore,  MD  21224 
(301)  631-3702 
Zora  Isaei 

Massachusetts 

Department  of  Environmental 
Quality  Engineering 
Division  of  Water  Pollution 
Control 

1  Winter  Street 
Boston,  MA  02108 
(617)  292-5655 
Judy  Perry 


Water  Quality  Criteria 
Technical  Services  Branch 
Westview  Bldg. 

Lyman  School 
Westborough,  MA  01581 
(508)  366-9181 
Warren  Kimball 

IDepartment  of  Environmental 
Quality  Engineering 
Divison  of  Water  Supply 
1  Winter  Street,  Ninth  Floor 
Boston,  MA  02108 
(617)  292-5770 
Tony  Abruzese 

Michigan 

Department  of  Natural 
Resources 
Permit  Section 
Mason  Bldg. 

8th  Floor 
P.O.  Box  30028 
Lansing,  MI  48909 
(517)  335-4188 
Linn  Duling 

Department  of  Public 
Health 

Division  of  Water  Supply 
3500  North  Logan 
P.O.  Box  30035 
Lansing,  MI  48909 
(517)  335-8319 
John  Bloemker 

Minnesota 

Pollution  Control  Agency 
Water  Quality  Division 
520  Lafayette  Road 
St.  Paul,  MN  55155 
(612)  2%-7255 
David  Maschwitz 
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Minnesota  Missouri 


Bureau  of  Health  Protection 
Environmental  Health  Division 
Health  Risk  Assessment 
717  Delaware  Street  SE 
Minneapolis,  MN  55414 
(612)  623-5352 
David  Gray 

Bureau  of  Health  Protection 
Environmental  Health  Division 
Drinking  Water  Program 
717  Delaware  Street  SE 
P.O.  Box  9441 
Minneapolis,  MN  55440 
(612)  623-5525 
Doug  Mandy 

Mississippi 

Department  of  Environmental 
Quality 

Bureau  of  Pollution 
Qjntrol 

Water  Quality  Division 
P.O.  Box  10385 
Jackson,  MS  39289-0385 
(601)  961-5171 
Robert  Seyfarth 

Department  of  Health 
Division  of  Water  Supply 
P.O.  Box  1700 
Jackson,  MS  39215-1700 
(601)  960-7518 
Lelon  May 


Department  of  Natural 
Resources 
Water  Pollution 
Control  Program 
Water  Quality  Section 
P.O.  Box  176 

Jefferson  City,  MO  65102 
(314)  751-5626 
John  Howland 

Department  of  Natural 
Resources 
Public  Drinking 
Water  Program 
P.O.  Box  176 

Jefferson  City,  MO  65102 
(314)  751-5331 
William  Price 

Montana 

Department  of  Health  & 
Environmental  Sciences 
Water  Quality  Bureau 
Cogswell  Bldg. 

Room  A206 
Helena,  MT  59620 
(406)  444-2406 

Nebraska 

State  Department  of 
Health 

Drinking  Water  Section 
301  Centennial  Mall  South 
P.O.  Box  95007 
Lincoln,  NE  68509 
(402)  471-2541 
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Nebraska 

State  Department  of 
Environmental  Qantrol 
Water  Quality  Section 
P.O.  Box  98922 
State  House  Station 
Lincoln,  NE  68509 
(402)  471-2186 

Nevada 

Department  of  Conservation 
&  Natural  Resources 
Water  Pollution  Section 
201  South  Fall  Street 
Carson  City,  NV  89710 
(702)  885-4670 
Shannon  Bell 

Department  of  Human 
Resources 
Division  of  Health 
505  East  King  Street 
Room  103 

Carson  City,  NV  89710 
(702)  885-4750 
Larry  Roundtree 

New  Hampshire 

Department  of  Environmental 
Services 

Water  Supply  &  Pollution 
Control  Commission 
P.O.  Box  95 
Hazen  Drive 
Concord,  NH  03301 
(t>03)  271-3503 
Bob  Baczynsky/Dick  Handers 


New  Hampshire 

Department  of  Public 
Health  Services 
Division  of  Public  Health 
Drinking  Water  Program 
6  Hazen  Drive 
Concord,  NH  03301 
(603)  271-2951 
Richard  Thayer 

New  Jersey 

Department  of  Environmental 
Protection 

Division  of  Water  Resources 
Bureau  of  Water  Quality 
Standards  and  Analysis 
CN-029 

401  East  State  Street 
Trenton,  NJ  08625-0029 
(609)  633-7020 
Daniel  J.  Van  Abs 

Department  of  Environmental 
Protection 

Division  of  Water  Resources 
Bureau  of  Safe  Drinking  Water 
CN-029 

401  East  State  Street 
Trenton,  NJ  08625-0029 
(609)  292-5550 
Barker  Hamil/G.  Butt 

New  Mexico 

Environmental  Improvement 
Division 

Surface  Water  Quality  Bureau 
1190  St.  Francis  Drive 
Santa  Fe,  NM  87503 
(505)  827-2822/(505)  827-2814 
David  F.  Tague/Steve  Pierce 
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New  Mexico 

Environmental  Improvement 
Division 

Ground  Water  Section 
1190  St.  Francis  Drive 
Santa  Fe,  NM  87503 
(505)  827-2900 
Ernest  C.  Rebuck 

Environmental  Improvement 
Division 

Drinking  Water  Program 
1190  St.  Francis  Drive 
Santa  Fe,  NM  87503 
(505)  827-2778 
Robert  Gallegos 

New  York 

Department  of  Environmental 
Conservation 
Bureau  of  Water  Quality 
Management 
Room  201 
50  Wolf  Road 
Albany,  NY  12233-3508 
(518)  457-3656 
John  Zambrano,  P.E. 

Department  of  Health 
Bureau  of  Public  Water 
Supply  Protection 
Drinking  Water  Section 
Corning  Tower,  The  Governor 
Nelson  Rockefeller  Empire 
State  Plaza 
Albany,  NY  12237 
(518)  458-6731 
Kenneth  Slade 


North  Carolina 

Department  of  Natural 
Resources  and  Q)mmunily 
Development 
Division  of  Environmental 
Management 
NRCD-DEM 
Water  Quality  Section 
512  North  Salisbury  Street 
Raleigh,  NC  2761 1 
(919)  733-5083 
Gregory  Thorpe 

Department  of  Environmental 
Health  &  Natural  Resources 
Division  of  Environmental 
Health,  Public  Water  Supply 
Section 

P.O.  Box  27687 
Raleigh,  NC  27611-7687 
(919)  733-2321 
Jerry  Parkings 

North  Dakota 

Department  of  Health  & 
Consolidated  Laboratories 
Division  of  Water  Supply 
1200  Missouri  Ave. 

P.O.  Box  5520 
Bismarck,  ND  58502-5520 
(701)  224-2354 
Ralph  Riedinger 

Ohio 


Environmental  Protection 
Agency 

Division  of  Public 
Drinking  Water 
1800  Water  Mark  Drive 
P.O.  Box  1048 
Columbus,  Ohio  43266 
(614)  644-2752 
Kurt  Ridenour 
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Ohio 

Environmental  Protection 
Agency 

Division  of  Water  Quality 
Monitoring  &  Assessment 
1800  Water  Mark  Drive 
P.O,  Box  1048 
Columbus,  Ohio  43266 
(614)  644-2856 
Bob  Heitzman 

For  copies  of  Ohio’s  water 
regulations,  contact: 

Ohio  Environmental  Protection 
Agency 

Legal  Records  Section 
P.O.  Box  1049 
Columbus,  OH  43216 
(614)  644-2115 
Mary  Cavin 

Oklahoma 

State  Department  of  Health 
Environmental  Health  Services 
Research  &  Standards  Section 
Water  Facilities  Engineering 
1000  North  East  10th  Street 
P.O.  Box  53551 
Oklahoma  City,  OK  73152 
(405)  271-7352 
Mike  Harrell 

State  Department  of  Health 
Environmental  Health  Services 
Water  Resources  Board 
Water  Quality  Section 
1000  North  East  10th  Street 
P.O.  Box  53585 
Oklahoma  City,  OK  73152 
(405)  271-2540 
Dave  Dillon 


Oregon 

State  Division  of  Health 
Department  of  Human 
Resources 

Drinking  Water  Division 
P.O.  Box  231 
Portland,  OR  97207 
(503)  229-6302 
Jim  Boydston 

Department  of  Environmental 
Quality 

Public  Water  Supply 
Water  Quality  S^tion 
811  Southwest  6th  Ave. 
Portland,  OR  97204 
(503)  229-6978 
Ed  Quan 

Pennsylvania 

Department  of  Environmental 
Resources 
Bureau  of  Water 
Quality  Management 
Fulton  Bldg. 

P.O.  Box  2063 
Harrisburg,  PA  17120 
(717)  787-9637 
Dennis  Lee 

Department  of  Environmental 
Resources 

Bureau  of  Community 
Environmental  Cont. 

P.O.  Box  2357 
Executive  House 
2nd  &  Chesnut  Street 
CEC  Division  of  Water 
Supplies 

Harrisburg,  PA  17105 
(717)  783-3795 
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Rhode  Island  South  Dakota 


E>epartment  of  Environmental 
Management 

Division  of  Water  Resources 
Room  209 

Providence,  RI  02908-5097 
(401)  277-6867/(401)  277-3961 
June  Swallow/Joe  Nigliori 

Department  of  Health 
Drinking  Water  Quality  Section 
209  Cannon  Bldg. 

Three  Capitol  Hill 
Providence,  RI  02908-5097 
(401)  277-6867 

South  Carolina 

Department  of  Health  & 
Environmental  Control 
Bureau  of  Water  Pollution 
Control 

2600  Bull  Street 
Columbia,  SC  29201 
(803)  734-5227 

Department  of  Health  & 
Environmental  Control 
Bureau  of  Drinking  Water 
Protection 
2600  Bull  Street 
Columbia,  SC  29201 
(803)  734-5371 
Marvin  Murray 

South  Dakota 

Department  of  Water  & 

Natural  Resources 
Water  Quality  Section 
523  East  Capitol 
Room  217 

Pierre,  SD  57501-3181 
(605)  773-3351 


Department  of  Water  & 
Natural  Resources 
Drinking  Water  Section 
523  East  Capitol 
Pierre,  SD  57501-3181 
(605)  773-3754 

Tennessee 

Department  of  Health  & 
Environment 
Bureau  of  Environmental 
Health  Services 
Division  of  Water  Supply 
150  9th  Ave.  North 
Nashville,  TN  37219-5404 
(615)  741-0633 
Phil  Simmons 

Department  of  Public  Health 
Bureau  of  Environmental 
Health  Services 
Division  of  Water  Quality 
Control 

150  9th  Ave.  North 
Nashville,  TN  37219-5404 
(615)  741-7883 
Garland  Wiggins 

Texas 

Texas  Water  Commission 
Water  Quality  Division 
Capitol  Station 
P.O.  Box  13087 
Austin,  TX  78711-3087 
(512)  463-8475 
Jim  Davenport 

Department  of  Health 
Division  of  Water  Hygiene 
1100  West  49th  Street 
Austin,  TX  78756-3199 
(512)  458-7497/(615)  458-7271 
Jack  Shultz 
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Utah 

Division  of  Environmental 
Health 

Bureau  of  Water 
Pollution  Control 
288  North  1460  West 
Salt  Lake  City,  UT  84116-0690 
(801)  538-6146 
Mike  Hearkimmer/Reed 
Oberndorfer 

Division  of  Environmental 
Health 

Bureau  of  Drinking  Water 
&  Sanitation 
288  North  1460  West 
Salt  Lake  City,  UT  84116-0690 
(801)  538-6840 
William  Birkes 

Division  of  Environmental 
Health 

Bureau  of  Water 
Pollution  Control 
Groundwater  Section 
P.O.  Box  16690 
Salt  Lake  City,  UT  84116-0690 

(801)  538-6146 
Mike  Reichert 

Vermont 

Department  of  Water 
Resources 

Natural  Resources  Agency 
Ground  Water  Quality  Section 
103  South  Main  Street 
Waterbury,  VT  05676 

(802)  244-5638 
Dennis  Nicland 


Vermont 

Department  of  Water 
Resources 

Natural  Resources  Agency 
Surface  Water  Quality  Section 
103  South  Main  Street 
Waterbury,  VT  05676 
(802)  244-6951 
Jeff  Cueto 

Department  of  Health 
Division  of  Environmental 
Health  Drinking  Water 
Office 

60  Main  Street 
P.O.  Box  70 
Burlington,  VT  05402 
(802)  863-7225 
Karen  Crayton 

Virginia 

Department  of  Health 
Office  of  Water  Programs 
Division  of  Water  Supply 
Engineering 
109  Governor  Street 
Room  924 

Richmond,  VA  23219 
(804)  786-5566 
Evans  Massie 

Water  Control  Board 
Office  of  Environmental 
Research  &  Standards 
2111  North  Hamilton  Street 
Richmond,  VA  23230 
(804)  367-6699/(804)  367-0384 
Mary  Reid/Richard  Ayres 
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Washington  Wisconsin 


Department  of  Social  Health 
Services 

Office  of  Environmental  Health 
Programs 
MS  LD-11 
Olympia,  WA  98504 
(206)  753-5953 
Bill  Liethy/Peggy  Johnson 

Department  of  Ecology 
Water  Quality  Program 
Surface  Water  Section 
MS  PV-11 

Olympia,  WA  98504-8711 
(206)  459-6364 
Lin  Bernhardt 

Department  of  Ecology 
Water  Quality  Program 
Ground  Water  Section 
MS  PV-11 

Olympia,  WA  98504-8711 
(206)  438-7070 

West  Virginia 

Department  of  Health 
Environmental  Engineering 
Division 

1900  Kanawha  Blvd.  East 
Bldg.  3,  Room  554 
Charleston,  WV  25305 
(304)  348-2981 
E)onald  Cuntz/Bob  Paul 

Water  Resources  Board 
Water  Quality  Section 
1260  Greenbriar  Street 
Charleston,  WV  25311 
(304)  348-4002 
Jan  Taylor 


Department  of  Natural 
Resources 
Bureau  of  Water 
Resources  Management 
Ground  Water  Management 
Section 
P.O.  Box  7921 
Madison,  WI  53707 
(608)  266-9265 
David  Lindorff 

Department  of  Natural 
Resources 
Bureau  of  Water 
Resources  Management 
Surface  Water  Standards 
P.O.  Box  7921 
Madison,  WI  53707 
(608)  266-0156 
Duane  Schuettpelz/John 
Sullivan 

Department  of  Natural 
Resources 

Bureau  of  Water  Supply 
P.O.  Box  7921 
Madison,  WI  53707 
(608)  267-7651/(608)266-2299 
Robert  Krill/Robert  Barmeislcr 

Wyoming 

Department  of  Environmental 
Quality 

Water  Quality  Division 
Herschler  Bldg. 

4th  Floor  West 
122  West  25th  Street 
Cheyenne,  WY  82002 
(307)  777-7781 
John  Wagner 


CUMULATIVE  INDEX  I-l 

INDEX  1 

CROSS  INDEX  OF  CHEMICAL,  COMMON  AND  TRIVIAL  NAMES 
FOR  METALS  AND  METAL  COMPOUNDS 

The  order  of  chemical,  common  and  trivial  names  included  in  this  index  is  strictly 
alphabetical;  numerical  and  alphabetical  prefixes  signifying  positions  in  a  chemical  name 
or  stereochemistry  have  been  ignored.  TTiis  index  is  for  Volume  5,  and  lists  only  metals 
and  metal-containing  compounds. 

Accto(2  •mcthoxyethyl)mercury 
Sec  Mercury,  Chapter  73 

Acctoxyphcnylmercury 
Sec  Mercury,  Chapter  73 

Acctoxymcrcuribenzene 
Sec  Mercury,  Chapter  73 

Acid  lead  arsenate 
See  Arsenic,  Chapter  75 

ACTOX  14 
Sec  Zinc,  Chapter  74 

ACTOX  16 
See  Zinc,  Chapter  74 

ACTOX  216 
See  Zinc,  Chapter  74 

AI  3-0470 

See  Zinc,  Chapter  74 
AI3-03967 

See  Zinc,  Chapter  74 
Alaxiol  11 

Sec  Cadmium,  Chapter  71 
Albalith 

See  Zinc,  Chapter  74 

Albi  natural  copper 
See  Copper,  Chapter  77 

Aminophcnylarsine  acid 
See  Arsenic,  Chapter  75 
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Aminophenylarsonic  acid 
See  Arsenic,  Chapter  75 

4-Aniinophenylarsonic  acid 
See  Arsenic,  Chapter  75 

p-Aminophenylarsonic  acid 
See  Arsenic,  Chapter  75 

Ammonium  bichromate 
See  Chromium,  Chapter  72 

Ammonium  chromate 
See  Chromium,  Chapter  72 

Ammonium  dichromate 
See  Chromium,  Chapter  72 

Ammonium  nickel  sulfate 
See  Nickel,  Chapter  76 

Ammonium  disulfonickelate 
See  Nickel,  Chapter  76 

ANA  Clio 

See  Copper,  Chapter  77 
ANSAR 

See  Arsenic,  Chapter  75 

Arsanilic  acid 
See  Arsenic,  Chapter  75 

4-Arsanilic  acid 
See  Arsenic,  Chapter  75 

p-Arsanilic  acid 
See  Arsenic,  Chapter  75 

Arsenic 

See  Chapter  75 
Arsenic-75 

See  Arsenic,  Chapter  75 
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Arsenic  acid 

See  Arsenic,  Chapter  75 

Arsenic  acid  anhydride 
See  arsenic,  Chapter  75 

Arsenic  acid,  monopotassium  salt 
See  Arsenic,  Chapter  75 

Arsenic  black 
See  Arsenic,  Chapter  75 

Arsenic  chloride 
See  Arsenic,  Chapter  75 

Arsenic  hydride 
See  Arsenic,  Chapter  75 

Arsenic  oxide 
See  Arsenic,  Chapter  75 

Arsenic(V)  oxide 
See  Arsenic,  Chapter  74 

Arsenic  pentoxide 
See  Arsenic,  Chapter  75 

Arsenic  sulfide 
See  Arsenic,  Chapter  75 

Arsenic  trisulfide 
See  Arsenic,  Chapter  75 

Arsenic  trichloride 
See  Arsenic,  Chapter  75 

Arsenic  trihydride 
See  Arsenic,  Chapter  75 

Arsenic  trioxide 
See  Arsenic,  Chapter  75 

Arsenic  trisulfide 
See  Arsenic,  Chapter  75 

Arsenic  yellow 
See  Arsenic,  Chapter  75 
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Arsenious  acid,  sodium  salt 
See  Arsenic,  Chapter  75 

Arsenolide 

See  Arsenic,  Chapter  75 

Arsenous  acid 
See  Arsenic,  Chapter  75 

Arsenous  acid  anhydride 
See  Arsenic,  Chapter  75 

Arsenous  acid,  calcium  salt 
See  Arsenic,  Chapter  75 

Arsenous  acid,  potassium  salt 
See  Arsenic,  Chapter  75 

Arsenous  hydride 
See  Arsenic,  Chapter  75 

Arsenous  oxide 
See  Arsenic,  Chapter  75 

Arsenous  sulfide 
See  Arsenic,  Chapter  75 

Arsenous  trichloride 
See  Arsenic,  Chapter  75 

Arsine 

See  Arsenic,  Chapter  75 

Arsine,  dichlorophenyl 
See  Arsenic,  Chapter  75 

Arsine,  diethyl- 
See  Arsenic,  Chapter  75 

Arsine  oxide,  hydroxydimethyl 
See  Arsenic,  Chapter  75 

Arsinic  acid,  dimethyl-,  sodium  salt 
See  Arsenic,  Chapter  75 
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Arsonic  acid,  calcium  salt 
See  Arsenic,  Chapter  75 

Arsonic  acid,  methyl- 
See  Arsenic,  Chapter  75 

Arsonic  acid,  methyl-,  disodium  salt 
See  Arsenic,  Chapter  75 

Arsonic  acid,  potassium  salt 
See  Arsenic,  Chapter  75 

Arsonous  dichloride,  phenyl 
See  Arsenic,  Chapter  75 

ASARCO  L15 
See  Zinc,  Chapter  74 

Aska-Rid 

See  Cadmium,  Chapter  71 
AZO  22 

See  Zinc,  Chapter  74 
AZODOX 

See  Zinc,  Chapter  74 

Basic  zinc  chromate 
See  Chromium,  Chapter  72 

Benzenesulfonic  acid,  4-hydroxy,-zinc  salt 
See  Zinc,  Chapter  74 

Benzenesulfonic  acid,  p-hydroxy,-zinc  salt 
See  Zinc,  Chapter  74 

Bichromate  of  potash 
See  Chromium,  Chapter  72 

Bis(acetoxy)cadmium 
See  Cadmium,  Chapter  71 

Bunsenite 

See  Nickel,  Chapter  76 

Buttercup  yellow 
See  Chromium,  Chapter  72 
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Cacodylic  acid 
See  Arsenic,  Chapter  75 

Caddy 

See  Cadmium,  Chapter  71 

Cadmium 
See  Chapter  71 

Cadmium  acetate 
See  Cadmium,  Chapter  71 

Cadmium  bromide 
See  Cadmium,  Chapter  71 

Cadmium  bromide  dimer 
See  Cadmium,  Chapter  71 

Cadmium  chloride 
See  Cadmium,  Chapter  71 

Cadmium  diacetate 
See  Cadmium,  Chapter  71 

Cadmium  dibromide 
See  Cadmium,  Chapter  71 

Cadmium  dichloride 
See  Cadmium,  Chapter  71 

Cadmium  dinitrate 
See  Cadmium,  Chapter  71 

Cadmium  distearate 
See  Cadmium,  Chapter  71 

Cadmium  fume 
See  Cadmium,  Chapter  71 

Cadmium  monoxide 
See  Cadmium,  Chapter  71 

Cadmium  nitrate 
See  Cadmium,  Chapter  71 
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Cadmium  octadecanoate 
See  Cadmium,  Chapter  71 

Cadmium  oxide 
See  Cadmium,  Chapter  71 

Cadmium  salt 
See  Cadmium,  Chapter  71 

Cadmium  soap 
See  Cadmium,  Chapter  71 

Cadmium  stearate 
See  Cadmium,  Chapter  71 

Cadmium  sulfate 
See  Cadmium,  Chapter  71 

Calamine 

See  Zinc,  Chapter  74 

Calcium  arsenate 
See  Arsenic,  Chapter  75 

Calcium  arsenite 
See  Arsenic,  Chapter  75 

Calcium  chromate 
See  Chromium,  Chapter  72 

Calcium  chromate  (VI) 

See  Chromium,  Chapter  72 

Calcium  chromium  oxide 
See  Chromium,  Chapter  72 

Calcium  metaarsenite 
See  Arsenic,  Chapter  75 

Calcium  orthoarsenate 
See  Arsenic,  Chapter  75 

Celloxan 

See  Zinc,  Chapter  74 

Chinese  white 
See  Zinc,  Chapter  74 


Chloromercuribenzene 
See  Mercury,  Chapter  73 

Chlorophenylmercury 
See  Mercury,  Chapter  73 

Chromate  of  potassium 
See  Chromium,  Chapter  72 

Chrome 
See  Chapter  72 

Chrome  yellow 
See  Chromium,  Chapter  72 

Chromic  acid 

See  Chromium,  Chapter  72 

Chromic(VI)  acid 
See  Chromium,  Chapter  72 

Chromic  acetate 
See  Chromium,  Chapter  72 

Chromic  acetate(III) 

See  Chromium,  Chapter  72 

Chromic  anhydride 
See  Chromium,  Chapter  72 

Chromic  chloride 
See  Chromium,  Chapter  72 

Chromic  sulfate 
See  Chromium,  Chapter  72 

Chromium  acetate 
See  Chromium,  Chapter  72 

Chromium  chloride 
See  Chromium,  Chapter  72 

Chromium(III)  chloride 
See  Chromium,  Chapter  72 
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Chromium  dichloride 
See  Chromium,  Chapter  72 

Chromium(II)  dichloride 
See  Chromium,  Chapter  72 

Chromium  lithium  oxide 
See  Chromium,  Chapter  72 

Chromium  oxide 
See  Chromium,  Chapter  72 

Chromium  sulfate 
See  Chromium,  Chapter  72 

Chromium(III)  sulfate 
See  Chromium,  Chapter  72 

Chromium  triacetate 
See  Chromium,  Chapter  72 

Chromium  trichloride 
See  Chromium,  Chapter  72 

Chromium  trioxide 
Sec  Chromium,  Chapter  72 

Chromous  chloride 
See  Chromium,  Chapter  72 

CL  7775 

See  Nickel,  Chapter  76 
CL  77180 

See  Cadmium,  Chapter  71 
CL  77185 

See  Cadmium,  Chapter  71 
C.L  77223 

See  Chromium,  Chapter  72 
CL  77295 

See  Chromium,  Chapter  72 
CL  77305 

See  Chromium,  Chapter  72 
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CL  77400 

See  Copper,  Chapter  77 
CL  77600 

See  Chromium,  Chapter  72 
CL  77955 

See  Chromium,  Chapter  72 
CL  77779 

See  Nickel,  Chapter  76 

C.L  pigment  metal  2 
See  Copper,  Chapter  77 

C.L  pigment  white  7 
See  Zinc,  Chapter  74 

CL  pigment  yellow  33 
See  Chromium,  Chapter  72 

C.L  pigment  yellow  34 
See  Chromium,  Chapter  72 

CL  pigment  yellow  36 
See  Chromium,  Chapter  72 

Cianurina 

See  Mercury,  Chapter  73 
Claudetite 

See  Arsenic,  Chapter  75 

Collodial  arsenic 
See  Arsenic,  Chapter  75 

Colloidal  cadmium 
See  Cadmium,  Chapter  71 

Copper 

See  Chapter  77 

Copper  acetate  arsenite 
See  Arsenic,  Chapter  75 
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Copper  acetate  metaarsenite 
See  Arsenic,  Chapter  75 

Copper  bichloride 
See  Copper,  Chapter  77 

Copper  chloride 
See  Copper,  Chapter  77 

Copper  dichloride 
See  Copper,  Chapter  77 

Copper  monsulfide 
See  Mercury,  Chapter  73 

Copper  nitrate 
See  Copper,  Chapter  77 

Copper  salt 

See  Copper,  Chapter  77 

Copper  sulfate 
See  Copper,  Chapter  77 

Copper  sulfide 
See  Copper,  Chapter  77 

Cupric  acetoarsenite 
See  Arsenic,  Chapter  75 

Cupric  nitrate 
See  Copper,  Chapter  77 

Cupric  sulfate 
See  Copper,  Chapter  77 

Cupric  sulfide 
See  Copper,  Chapter  77 

Cyano(methylmercuri)guanidine 
See  Mercury,  Chapter  73 

Deep  lemon  yellow 
See  Chromium,  Chapter  72 

Diacetoxymercury 
See  Mercury,  Chapter  73 
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Diarsenic  pentoxide 
See  Arsenic,  Chapter  75 

Diarsenic  trisulfide 
See  Arsenic,  Chapter  75 

Dicarbomethoxyzinc 
See  Zinc,  Chapter  74 

Dichlorocadmium 
See  Cadmium,  Chapter  71 

Dichlorophenylarsine 
See  Arsenic,  Chapter  75 

Dicyanomercury 
See  Mercury,  Chapter  73 

Diethyl  arsine 
See  Arsenic,  Chapter  75 

Dimethyl  arsenic  acid 
See  Arsenic,  Chapter  75 

Dimethyl  arsinic  acid 
See  Arsenic,  Chapter  75 

Disodium  arsenate 
See  Arsenic,  Chapter  75 

Disodium  methanarsenate 
See  Arsenic,  Chapter  75 

Disodium  methanarsonate 
See  Arsenic,  Chapter  75 

Dithionus  acid 
See  Zinc,  Chapter  74 

Emanay  zinc  dust 
See  Zinc,  Chapter  74 

Emanay  zinc  oxide 
See  Zinc,  Chapter  74 
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EMAR 

See  Zinc,  Chapter  74 
EMP 

See  Mercury,  Chapter  73 

Ethylmercuric  phosphate 
See  Mercury,  Chapter  73 

Ethylmercury  phosphate 
See  Mercury,  Chapter  73 

Flowers  of  zinc 
See  Zinc,  Chapter  74 

Fulminate  of  mercury 
See  Mercury,  Chapter  73 

Fungal 

See  Zinc,  Chapter  74 
Gelbin 

See  Chromium,  Chapter  72 

Green  nickel  oxide 
See  Nickel,  Chapter  76 

Heazlewoodite 
See  Nickel,  Chapter  76 

Hydroxydimethylarsine  oxide 
^  Arsenic,  Chapter  75 

Irtran  2 

See  Zinc,  Chapter  74 
lopezite 

S^  Chromium,  Chapter  72 

Jasad  merrillite 
See  Zinc,  Chapter  74 

Lead  arsenate 
See  Arsenic,  Chapter  75 

Lead  chromate 
See  Chromium,  Chapter  72 
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Liquid  silver 

Mercury,  Chapter  73 

Lithium  chromate 
See  Chromium,  Chapter  72 

Lithium  chromate(VI) 

See  Chromium,  Chapter  72 

Macquer’s  salt 
See  Arsenic,  Chapter  75 

Medizinc 

See  Zinc,  Chapter  74 
MEMA 

See  Mercury,  Chapter  73 

Mercuriacetate 
See  Mercury,  Chapter  73 

Mercuric  acetate 
See  Mercury,  Chapter  73 

Mercuric  bichloride 
See  Mercury,  Chapter  73 

Mercuric  chloride 
See  Mercury,  Chapter  73 

Mercuric  cyanide 
See  Mercury,  Chapter  73 

Mercuric  diacetate 
See  Mercury,  Chapter  73 

Mercuric  dichloride 
See  Mercury,  Chapter  73 

Mercuric  monoxide 
See  Mercury,  Chapter  73 

Mercuric  nitrate 
See  Mercury,  Chapter  73 
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Mercuric  oxide 
See  Mercury,  Chapter  73 

Mercuric  oxide,  red 
See  Mercury,  Chapter  73 

Mercuric  oxide,  yellow 
See  Mercury,  Chapter  73 

Mercuric  sulfate 
See  Mercury,  Chapter  73 

Mercuric  sulfocyanate 
See  Mercury,  Chapter  73 

Mercuric  sulfocyanide 
See  Mercury,  Chapter  73 

Mercuric  thiocyanate 
See  Mercury,  Chapter  73 

Mercuriphenyl  acetate 
See  Mercury,  Chapter  73 

Mercuriphenyl  chloride 
See  Mercury,  Chapter  73 

Mercurous  nitrate 
See  Mercury,  Chapter  73 

Mercury 
See  Chapter  73 

Mercury  acetate 
See  Mercury,  Chapter  73 

Mercury(II)  acetate 
See  Mercury,  Chapter  73 

Mercury  bichloride 
See  Mercury,  Chapter  73 

Mercury  bisulfate 
See  Mercury,  Chapter  73 

Mercury  chloride 
See  Mercury,  Chapter  73 
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Mercury(II)  chloride 
See  Mercury,  Chapter  73 

Mercury(II)  cyanide 
See  Mercury,  Chapter  73 

Mercury(cyanoguanidino)methyl- 
See  Mercury,  Chapter  73 

Mercury  diacetate 
See  Mercury,  Chapter  73 

Mercury  dicyanate 
See  Mercury,  Chapter  73 

Mercury  dithiocyanate 
See  Mercury,  Chapter  73 

Mercury  fulminate 
See  Mercury,  Chapter  "3 

Mercury(II)  fulminate 
See  Mercury,  Chapter  73 

Mercury  nitrate 
See  Mercury,  Chapter  73 

Mercury(I)  nitrate 
See  Mercury,  Chapter  73 

Mercury(II)  nitrate 
See  Mercury,  Chapter  73 

Mercury(II)  oxide 
See  Mercury,  Chapter  73 

Mercury  penetrate 
See  Mercury,  Chapter  73 

Mercury  perchloride 
See  Mercury,  Chapter  73 

Mercury  persulfate 
See  Mercury,  Chapter  73 
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Mercury  protonitrate 
See  Mercury,  Chapter  73 

Mercury(I)  salt 
See  Mercury,  Chapter  73 

Mercury(II)  salt 
See  Mercury,  Chapter  73 

Mercury  sulfate 
See  Mercury,  Chapter  73 

Mercury(II)  sulfate 
See  Mercury,  Chapter  73 

Mercury(II)  thiocyanate 
See  Mercury,  Chapter  73 

Mercuryl  acetate 
See  Mercury,  Chapter  73 

Metallic  arsenic 
See  Arsenic,  Chapter  75 

Methanarsonic  acid 
See  Arsenic,  Chapter  75 

Methane  arsonic  acid,  sodium  salt 
See  Arsenic,  Chapter  75 

Methoxyethyl  mercuric  acetate 
See  Mercury,  Chapter  73 

Methylarsenic  acid 
See  Arsenic,  Chapter  75 

Methylarsinic  acid 
See  Arsenic,  Chapter  75 

Methylmercuric  dicyandiamide 
See  Mercury,  Chapter  73 

Methylmercury 
See  Mercury,  Chapter  73 

Methylmercury(II)  cation 
See  Mercury,  Chapter  73 


1-18 


CUMULATIVE  INDEX 


Methylmercury  cyanoguanidine 
See  Mercury,  Chapter  73 

Methylmercury  dicyanamide 
See  Mercury,  Chapter  73 

Methylmercury  ion 
See  Mercury,  Chapter  73 

Methyl  -mercury(l+) 

See  Mercury,  Chapter  73 

Monopotassium  arsenate 
See  Arsenic,  Chapter  75 

Natural  smithsonite 
See  Zinc,  Chapter  74 

NCI-C60344 
See  Nickel,  Chapter  76 

Neutral  ammonium  chromate 
See  Chromium,  Chapter  72 

Neutral  potassium  chromate 
See  Chromium,  Chapter  72 

NP  2 

See  Nickel,  Chapter  76 
Nickel 

See  Chapter  76 

Nickel  acetate 
See  Nickel,  Chapter  76 

Nickel  ammonium  sulfate 
See  Nickel,  Chapter  76 

Nickel  ammonium  sulfate  hexahydrate 
See  Nickel,  Chapter  76 

Nickel  carbonate 
See  Nickel,  Chapter  76 
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Nickel  carbonyl 
See  Nickel,  Chapter  76 

Nickel  chloride 
See  Nickel,  Chapter  76 

Nickel  chloride  hexahydrate 
See  Nickel,  Chapter  76 

Nickel  cyanide 
See  Nickel,  Chapter  76 

Nickel(II)  cyanide 
See  Nickel,  Chapter  76 

Nickel  dust 

See  Nickel,  Chapter  76 

Nickel  hydroxide 
See  Nickel,  Chapter  76 

Nickel(II)  hydroxide 
See  Nickel,  Chapter  76 

Nickel  monoxide 
Sec  Nickel,  Chapter  76 

Nickel  nitrate 
See  Nickel,  Chapter  76 

Nickel(II)  nitrate 
See  Nickel,  Chapter  76 

Nickel  oxide 
See  Nickel,  Chapter  76 

Nickel  powder 
See  Nickel,  Chapter  76 

Nickel  protoxide 
See  Nickel,  Chapter  76 

Nickel  sponge 
See  Nickel,  Chapter  76 

Nickel  subsuinde 
See  Nickel,  Chapter  76 
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Nickel  subsuphide 
See  Nickel,  Chapter  76 

Nickel  sulfate 
See  Nickel,  Chapter  76 

Nickel(II)  sulfate 
See  Nickel,  Chapter  76 

Nickel  sulfide 
See  Nickel,  Chapter  76 

Nickel  sulphide 
See  Nickel,  Chapter  76 

Nickel  tetra  carbonyl 
See  Nickel,  Chapter  76 

Nickelic  hydroxide 
See  Nickel,  Chapter  76 

Nickelous  acetate 
See  Nickel,  Chapter  76 

Nickelous  carbonate 
See  Nickel,  Chapter  76 

Nickelous  chloride 
See  Nickel,  Chapter  76 

Nickelous  hydroxide 
See  Nickel,  Chapter  76 

Nickelous  oxide 
See  Nickel,  Chapter  76 

Nickelous  sulfate 
See  Nickel,  Chapter  76 

Octadecanoic  acid 
See  Cadmium,  Chapter  71 

Optraex 

See  Zinc,  Chapter  74 
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Orpiment 

See  Arsenic,  Chapter  75 

Orthoarsenic  acid 
See  Arsenic,  Chapter  75 

Paris  green 

See  Arsenic,  Chapter  75 
Paris  yellow 

See  Chromium,  Chapter  72 

l-Phenol-4-sulfonic  acid,  zinc  salt 
See  Zinc,  Chapter  74 

Phenylarsinedichloride 
See  Arsenic,  Chapter  75 

Phenyl  chloromercury 
See  Mercury,  Chapter  73 

Phenyldichloroarsine 
See  Arsenic,  Chapter  75 

Phenylmercury  acetate 
See  Mercury,  Chapter  73 

Phenylmercuric  acetate 
See  Mercury,  Chapter  73 

Phenylmercuric  chloride 
See  Mercury,  Chapter  73 

(aceto)Phenylmercury 
See  Mercury,  Chapter  73 

Phenylmercury  chloride 
See  Mercury,  Chapter  73 

Phenylmercury(II)  chloride 
See  Mercury,  Chapter  73 

PHYTAR 

See  Arsenic,  Chapter  75 
PMA 

See  Mercury,  Chapter  73 
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Potassium  arsenate 
See  Arsenic,  Chapter  75 

Potassium  arsenite 
See  Arsenic,  Chapter  75 

Potassium  bichromate 
See  Chromium,  Chapter  72 

Potassium  chromate 
See  Chromium,  Chapter  72 

Potassium  chromate(VI) 

See  Chromium,  Chapter  72 

Potassium  dichromate 
See  Chromium,  Chapter  72 

Potassium  dichromate(VI) 

See  Chromium,  Chapter  72 

Potassium  dihydrogen  arsenate 
See  Arsenic,  Chapter75 

Potassium  hydrogen  arsenate 
See  Arsenic,  Chapter75 

Potassium  metaarsenite 
See  Arsenic,  Chapter  75 

Puratonic  chromium  chloride 
See  Chromium,  Chapter  72 

Quicksilver 

See  Mercury,  Chapter  73 

Raney  catalyst  28 
See  Nickel,  Chapter  76 

Raney  nickel 
See  Nickel,  Chapter  76 

SCD 

See  Cadmium,  Chapter  71 
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Silicon  zinc  fluoride 
See  Zinc,  Chapter  74 

Sodium  arsenate 
See  Arsenic,  Chapter  75 

Sodium  arsenite 
See  Arsenic,  Chapter  75 

Sodium  biarsenate 
See  Arsenic,  Chapter  75 

Sodium  cacodylate 
See  Arsenic,  Chapter  75 

Sodium  dimethylarsenate 
See  Arsenic,  Chapter  75 

Sodium  dimethylarsenite 
See  Arsenic,  Chapter  75 

Sodium  metaarsenite 
See  Arsenic,  Chapter  75 

Sodium  methanarsonate 
See  Arsenic,  Chapter  75 

Solvezink 

See  Zinc,  Chapter  74 
Stearic 

See  Cadmium,  Chapter  71 

Strontium  chromate 
See  Chromium,  Chapter  72 

Strontium  chromate(VI) 

See  Chromium,  Chapter  72 

Strontium  yellow 
See  Chromium,  Chapter  72 

Tarapacaite 

See  Chromium,  Chapter  72 

Trichloroarsine 
See  Arsenic,  Chapter  75 
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Verazinc 

See  Zinc,  Chapter  74 
Vi-Cad 

See  Cadmium,  Chapter  71 

White  arsenic 
See  Arsenic,  Chapter  75 

Yellow  ultramarine 
See  Chromium,  Chapter  72 

Zinc 

See  Chapter  74 

Zinc  acetate 
See  Zinc,  Chapter  74 

Zinc  bromide 
See  Zinc,  Chapter  74 

Zinc  carbonate 
See  Zinc,  Chapter  74 

Zinc  chloride 
See  Zinc,  Chapter  74 

Zinc  chromate 
See  Chromium,  Chapter  72 

Zinc  chrome 

See  Chromium,  Chapter  72 

Zinc  chromate(VI)  hydroxide 
See  Chromium,  Chapter  72 

Zinc  diacetate 
See  Zinc,  Chapter  74 

Zinc  dibromide 
See  Zinc,  Chapter  74 

Zinc  dichloride 
See  Zinc,  Chapter  74 
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Zinc  dust 

See  Zinc,  Chapter  74 

Zinc  fluoride 
See  Zinc,  Chapter  74 

Zinc  difluoride 
See  Zinc,  Chapter  74 

Zinc  diformate 
See  Zinc,  Chapter  74 

Zinc  dinitrate 
See  Zinc,  Chapter  74 

Zinc  distearate 
See  Zinc,  Chapter  74 

Zinc  dithionate 
See  Zinc,  Chapter  74 

Zinc  fluorosilicate 
See  Zinc,  Chapter  74 

Zinc  formate 
See  Zinc,  Chapter  74 

Zinc  hexafluorosilicate 
See  Zinc,  Chapter  74 

Zinc  hydrosulfite 
See  Zinc,  Chapter  74 

Zinc  monosulfide 
See  Zinc,  Chapter  74 

Zinc  nitrate 
See  Zinc,  Chapter  74 

Zinc  octadecanoate 
See  Zinc,  Chapter  74 

Zinc  oxide 

See  Zinc,  Chapter  74 

Zinc  phenolsulfonate 
See  Zinc,  Chapter  74 
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Zinc  phenosulfonate 
See  Zinc,  Chapter  74 

Zinc  powder 
See  Zinc,  Chapter  74 

Zinc  salt 

See  Zinc,  Chapter  74 

Zinc  silicafluoride 
See  Zinc,  Chapter  74 

Zinc  stearate 
See  Zinc,  Chapter  74 

Zinc  sulfate 
See  Zinc,  Chapter  74 

Zinc  sulfide 
See  Zinc,  Chapter  74 

Zinc  sulfonate 
See  Zinc,  Chapter  74 

Zinc  yellow 

See  Chromium,  Chapter  72 

Zincate(4-),tetrakis(monthiosulfato(2-)-di 
See  Zinc,  Chapter  74 

Zinlorite 

See  Zinc,  Chapter  74 
Zintrace 

See  Zinc,  Chapter  74 
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This  index  provides  a  listing  and  chapter  number  for  the  metals  and  metal-containing 
compounds  included  in  this  volume.  The  listing  is  alphabetical. 

As 

Arsenic.  See  chapter  75. 

AsClj 

Arsenic  trichloride.  See  chapter  75. 

AsHj 

Arsine.  See  chapter  75. 

AsHjOj  •  Ca 

Calcium  arsenite.  See  chapter  75. 

AsHjOjxK 

Potassium  anscnite.  See  chapter  75. 

AsHjO.Pb 

Lead  arsenate.  See  chapter  75. 

AsjOj 

Arsenic  trioxide.  See  chapter  75. 

AsjO, 

Arsenic  pcntoxide.  Sec  chapter  75. 

AsjSj 

Arsenic  trisulfidc.  Sec  chapter  75. 

BrjCd 

Cadmium  bromide.  Sec  chapter  71. 

CH,CH2HgOPO(OH)j 

Ethylmcrcuric  phosphate.  Sec  chpatcr  73. 

CH,Hg* 

Methyl  mercury.  Sec  chapter  73 
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CHjHgCNCNHNHj 

Methylmercuric  dicyandiamide.  See  chapter  73. 

CHjOCCHOzHgCHiCOOH 

Methoxyethylmercuric  acetate.  See  chapter  73. 

CHjAsOj 

Methylarsinic  acid.  See  chapter  75. 
CHjAsOjNa 

Sodium  methanearsonate.  See  chapter  75. 
CHjAs03-2Na 

Disodium  methanearsonate.  See  chapter  75. 

CNiOj 

Nickel  carbonate.  See  chapter  76. 

C2H4O4  •  Zn 

Zinc  formate.  See  chapter  74. 

C2H7ASO2 

Dimethylarsenic  acid.  See  chapter  75. 
QH7As02Na 

Sodium  cacodylate.  See  chapter  75. 
CjH^AsCu^O,* 

Cupric  acetoarsenite.  See  chapter  75. 

C^H^CdO^ 

Cadmium  acetate.  See  chapter  71. 

C^HijAs 

Diethylarsine.  See  chapter  75. 

QH^O^Ni 

Nickel  acetate.  See  chapter  76. 

C4HJO4  •  Zn 

Zinc  acetate.  See  chapter  74. 

C*HjAsClj 

Phenyldichloroarsine.  See  chapter  75. 
C^H^NOj 

Arsanilic  acid.  See  chapter  75. 
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QHjHgCl 

Phenylmercury  chloride.  See  chapter  73. 
C^HjHgOOCCHj 

Phenylmercury  acetate.  See  chapter  73. 
^12^120882  •  Zn 

Zinc  phenolsulfonate.  See  chapter  74. 
C,8H3,02  Cd 

Cadmium  stearate.  See  chapter  71. 

^3*^72024  ■  Zn 

Zinc  stearate.  See  chapter  74. 

Ca3(As04)2 

Calcium  arsenate.  See  chapter  75. 
CaCr04 

Calcium  chromate.  See  chapter  72. 

Cd 

Cadmium.  See  chapter  71. 

CdCl2 

Cadmium  chloride.  See  chapter  71. 
Cd(N03)2 

Cadmium  nitrate.  See  chapter  71. 

CdO 

Cadmium  oxide.  See  chapter  71. 

CdS04 

Cadmium  sulfate.  See  chapter  71. 

Cr 

Chromium.  See  chapter  72. 
Cr(CH3COO)3 

Chromic  acetate.  See  chapter  72. 

CrCl2 


Chromous  chloride.  See  chapter  72. 
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CrClj 

Chromic  chloride.  See  chapter  72. 

Cr03 

Chromium  trioxide.  See  chapter  72. 

CrO,Pb 

Lead  chromate.  See  chapter  72. 
Cr(SO,)3 

Chromic  sulfate.  See  chapter  72. 

Cu 

Copper.  See  chapter  77. 

CuClj 

Copper  chloride.  See  chapter  77. 
CUH3NO3 

Copper  nitrate.  See  chapter  77. 

CuS 

Copper  sulfide.  See  chapter  77. 

CUSO4 

Copper  sulfate.  See  chapter  77. 
H2O4S2  •  Zn 

Zinc  hydrosulfide.  See  chapter  74. 

H3ASO4 

Arsenic  acid.  See  chapter  75. 

Hg 

Mercury.  See  chapter  73. 
Hg(CH3COO)2 

Mercuric  acid.  See  chapter  73. 

HgCl2 

Mercuric  chloride.  See  chapter  73. 
Hg(CN)2 

Mercuric  cyanide.  Sec  chapter  73. 
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Mercury  fulminate.  See  chapter  73 

Hg(N03)a 

Mercuric  nitrate.  See  chapter  73. 

HgO 

Mercuric  oxide.  See  chapter  73. 
Hg(SCN)3 

Mecuric  thiocyanate.  See  chapter  73. 

HgSO, 

Mercuric  sulfate.  See  chapter  73. 

Hg3(N03)3 

Mercurous  nitrate.  See  chapter  73. 
KHjHjAsO, 

Potassium  arsenate.  See  chapter  75. 

KjCrO, 

Potassium  chromate.  See  chapter  72. 

LijCrO^ 

Lithium  chromate.  See  chapter  72. 
NaAsOj 

Sodium  arsenite.  See  chapter  75. 
Na^HAsO, 

Sodium  arsenate.  See  chapter  75. 
(NHO^CrO, 

Ammonium  chromate.  See  chapter  72. 

(nh,)A07 

Ammonium  dichromate.  See  chapter  72. 
Ni 

Nickel.  See  chapter  76. 

Nia3-6HjO 

Nickel  chloride.  See  chapter  76. 


Ni(CN)3-4H20 

Nickel  cyanide.  See  chapter  76. 
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Ni(CO), 

Nickel  carbonyl.  See  chapter  76. 

Ni(N03), 

Nickel  nitrate.  See  chapter  76. 

NiO 

Nickel  oxide.  See  chapter  76. 

Ni(OH)2 

Nickel  hydroxide.  See  chapter  76. 
NiS0,(NH,)-6H,0 

Nickel  ammonium  sulfate.  See  chapter  76. 

SrCrO^ 

Strontium  chromate.  See  chapter  72. 

Zn 

Zinc.  See  chapter  74. 

ZnBrj 

Zinc  bromide.  Seec  hapter  74. 

ZnCl^ 

Zinc  chloride.  See  chapter  74. 

ZnCOj 

Zinc  carbonate.  See  chapter  74. 

ZnCrH204 

Zinc  chromate.  See  chapter  72. 

ZnF^S 

Zinc  silicofluoride.  See  chapter  74. 

ZnFlj 

Zinc  fluoride.  See  chapter  74. 

Zn(N03)2 

Zinc  nitrate.  See  chapter  74. 

ZnO 

Zinc  oxide.  See  chapter  74. 

ZnS 

zinc  sulfide.  See  chapter  74. 

ZnSO^ 


Zinc  sulfate.  See  chapter  74. 
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CAS  NUMBER  INDEX  FOR  METALS 
AND  METAL  COMPOUNDS 


CAS  Number 

See  Chanter 

CAS  Number 

See  Chanter 

62-38-4 

73 

7440-38-2 

75 

75-60-5 

75 

7440-43-9 

71 

98-50-0 

75 

7440-47-3 

72 

100-56-1 

73 

7440-50-8 

77 

124-58-3 

75 

7447-39-4 

77 

124-65-2 

75 

7758-97-6 

72 

127-82-2 

74 

7758-98-7 

77 

134-39-3 

76 

7778-39-4 

75 

144-21-8 

75 

7778-43-0 

75 

151-38-2 

73 

7778-44-1 

75 

333-67-3 

76 

7778-50-9 

72 

373-02-4 

76 

7783-35-9 

73 

502-39-6 

73 

7783-49-5 

74 

543-90-8 

71 

7784-34-1 

75 

557-05-1 

74 

7784-40-9 

75 

557-19-7 

76 

7784-41-0 

75 

557-34-6 

74 

7784-42-1 

75 

557-41-5 

74 

7784-46-5 

75 

592-04-1 

73 

7786-81-4 

76 

592-85-8 

73 

7788-98-9 

72 

628-86-4 

73 

7789-00-6 

72 

692-42-2 

74 

7789-06-2 

72 

696-28-6 

75 

7789-09-5 

72 

1006-30-4 

72 

7789-42-6 

71 

1303-28-2 

75 

7791-20-0 

76 

1303-33-9 

75 

7797-86-4 

74 

1306-19-0 

71 

10022-68-1 

71 

1313-99-1 

76 

10025-73-7 

72 

1314-13-2 

74 

10045-94-0 

73 

1314-98-3 

74 

10049-05-5 

72 

1317-40-4 

77 

10101-53-8 

72 

1327-53-3 

75 

10108-64-2 

71 

1333-82-0 

72 

10124-36-4 

71 

1600-27-2 

73 

10124-50-2 

75 

2165-80-6 

75 

10415-75-5 

73 

2223-93-0 

71 

12002-03-8 

75 

2235-25-8 

73 

12035-81-4 

76 

3251-23-8 

77 

12054-48-7 

76 

3486-35-9 

74 

13138-45-9 

76 

7439-97-6 

73 

13530-65-9 

72 

7440-66-6 

74 

13765-19-0 

72 

7487-94-7 

73 

14307-35-8 

72 

7646-85-7 

74 

15699-18-0 

76 

7699-45-8 

74 

16871-71-9 

74 

7733-02-0 

74 

21908-53-2 

73 

7440-02-0 

76 

22967-92-6 

73 

52740-16-6 

75 

‘Numeric  designation  assigned  by  the  American  Chemical  Society’s  Chemical  Abstracts 
Service  which  uniquely  identifies  a  specific  chemical  compound. 
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NIOSH  NUMBER  INDEX 
FOR  METALS  AND  METAL  COMPOUNDS 


NIOSH  Number 

See  Chaoter 

AG2975000 

72 

AI8575000 

73 

AK1500000 

74 

CF7875000 

75 

CGK)525{)00 

75 

CG0700000 

75 

CG0830000 

75 

CG0875000 

75 

CG0890000 

75 

CGI  100000 

75 

CG1750000 

75 

CG2275000 

75 

CG2638000 

75 

CG3325000 

75 

CG3675000 

75 

CG3800000 

75 

CG6475000 

75 

CH5425000 

75 

CH7525000 

75 

CH7700000 

75 

CH9493100 

75 

DB120000 

74 

EU993500 

71 

EU9800000 

71 

EU9810000 

71 

EV0175000 

71 

EV1925000 

71 

EV2800000 

71 

FG3375000 

74 

GB2750000 

72 

GB2940000 

72 

GB2975000 

72 

GB3240000 

72 

GB3290000 

72 

GB4200000 

72 

GB5425000 

72 

GB6650000 

72 

GB7200000 

72 

GL5325000 

77 

GL8800000 

77 

GL8912000 

77 

HX7650000 

72 

HX7680000 

72 

JP2105000 

74 

LR0550000 

74 

OV6475000 

73 

OW1400000 

73 

OW1515000 

73 
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NIOSH  Number 

See  Chapter 

OW1750000 

73 

OW3750000 

73 

OW4050000 

73 

OW6320000 

73 

OW8225000 

73 

OW8000000 

73 

OW8750000 

73 

0X050000 

73 

PA1575000 

75 

PA2275000 

75 

PA2625000 

75 

QR649500 

76 

QR5950000 

76 

QR6125000 

76 

QR6200000 

76 

QR6300000 

76 

QR6480000 

76 

QR7040000 

76 

QR7200000 

76 

QR8400000 

76 

QR9350000 

76 

QR9800000 

76 

QU7400000 

77 

QV4550000 

73 

QV6300000 

73 

QV9100000 

73 

RG 1050000 

71 

W8754000 

74 

XL1550000 

73 

ZG8600000 

74 

ZHl  150000 

74 

ZH1400000 

74 

ZH3500000 

74 

ZH4772000 

74 

ZH4810000 

74 

ZH5200000 

74 

ZH5260000 

74 
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No  NIOSH  Number  Assigned: 


Ammonium  chromate 
Chromous  chloride 
Copper  chloride 
Diethylarsine 
Lithium  chromate 
Nickel  ammonium  sulfate 
Zinc  sulHde 


See  Chapter  72 
See  Chapter  72 
See  Chapter  77 
See  Chapter  75 
See  Chapter  72 
See  Chapter  76 
See  Chapter  74 


*A  unique  nine-position  accession  number  (two  letters  and  seven  numerals)  assigned 
alphabetically  to  each  substance  in  the  Registry  of  Toxic  Effects  of  Chemical 
Substances  published  by  the  National  Institute  for  Occupational  Safety  and  Health 
(Reference  47). 
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